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Preface 


The major space goal of the National Aeronautics and Space Administration's Office of Aeronautics 
and Space Technology (OAST)t is to provide enabling technologies — validated at a level suitable for 
user-readiness for future space missions, in order to ensure continued U.S. leadership in space An 

^f°o^r n ni C, T ent in accom P lishin 8 ‘his goal is the In-Space Technology Experiments Program 
(IN-STEP), whose purpose it is to explore and validate, in space, advanced technologies that will 
improve the effectiveness and efficiency of current and future space systems. 

On December 6 through 9, 1988, almost 400 researchers, technologists and managers from U S 
companies, universities and the government participated in the OAST IN-STEP 88 Workshop*. The 
participants reviewed the current in-space technology flight experiments, identified and prioritized 
the technolog'es that are critical for future national space programs and that require verification or 
validation in space, and provided constructive feedback on the future plans for the In-Space Technology 
Experiments Program. The attendees actively participated in the identification and prioritization of 
future critical space technologies in eight major discipline theme areas. The content presented in the 
two parts of this NASA Conference Publication (CP), each under separate cover, reflect an overview of 
the workshop participants' efforts to review IN-STEP planning for the future of the program. These 
critical space technologies will help focus future solicitations for in-space flight experiments. 

At the workshop. Dr. Harrison H. Schmitt emphasized that the nations which effectively exploit the 
advantages of space will lead human activities on Earth. OAST has worked closely with the 
aerospace community over the last few years to utilize the Space Shuttle, expendable launch vehicles, 
and, in the future. Space Station Freedom, for experimentation in space in the same way that we utilize 
wind tunnels to develop aeronautical technologies. This close cooperation with the user community is 
an important, integral part of the evolution of the In-Space Technology Experiments Program which 
was originated to provide access to space for technology research and for experimentation by the entire 
U.S. aerospace community. 


p»cPR EF ACE edited for this NASA Conference Publication is based on the IN-STEP 88 WORKSHOP handout foreword written 
by Dr. Leonard Harris, Chief Engineer, Office of Aeronautics and Space Technology. 


of Aeronautics and Space Technology has since boon renamed the Office of Aeronautics, Exploration and Technology 
(OAET). In conjunction with this change, the scope of the Human Exploration Initiative (HE!) has been broadened and renamed 
the Space Exploration Initiative (SEI). 


# The IN-STEP 88 Workshop was conducted by the Space Station Freedom Office of the Langley Research Center. Questions 
workshop should be directed to Dr. Roger A. Breckcnridge, Deputy Manager, Space Station Freedom Office 
M.S. 288, NASA Langley Research Center, Hampton, Virginia, 23665. 
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Introduction 


NASA's Office of Aeronautics and Space Technology (OAST) conducted a workshop December 6-9, 1988, 
on the In-Space Technology Experiments Program (IN-STEP) in Atlanta, Georgia. The purpose of this 
workshop, IN-STEP 88, was to identify and prioritize space technologies that arc critical for future 
national space programs and which require validation in the space environment. A secondary objective 
was to review the current NASA (In-Reach) and industry/university (Out-Reach) experiments. 

Finally, the aerospace community was asked to review and comment on the proposed plans for 
continuation of the In-Space Technology Experiments Program itself. In particular, this review 
included the proposed process for focusing the next experiment selection on specific, critical technologies 
as well as the process for implementing associated hardware development and integration on the Space 
Shuttle vehicle. 

The product of the workshop was a prioritized listing of the critical space technology needs in each of 
eight technology disciplines. These listings were the cumulative recommendations of nearly 400 
participants — including researchers, technologists and managers — from aerospace industries, 
universities and government organizations. The identification and prioritization of the critical space 
technology needs were initiated by assigning NASA chairpersons (theme leaders) to the eight major 
technology discipline themes requiring consideration. These themes were as follows: 

O Space Structures 
© Space Environmental Effects 
© Power Systems and Thermal Management 
© Fluid Management and Propulsion Systems 
© Automation and Robotics 
© Sensors and Information Systems 
0 In-Space Systems 
© Humans in Space 


In order to afford further structure within each theme, the chairpersons divided their themes into 
three theme elements each. The theme clement concept allowed focused technical discussions to occur 
within the broad discipline themes. For each theme element, the theme leader selected government, 
industry and university experts to present the critical space technology needs of their respective 
organizations. The presentations were reviewed and discussed by the theme audiences (other members 
of the aerospace community), and prioritized lists of the critical technologies in need of verification 
and validation in space were established for each theme element. The comments and conclusions for 
each theme were incorporated into a summary listing of the critical space technology needs as well as 
associated flight experiments representing the combined inputs of the speakers, the audience, and the 
theme leader. 

The critical space technology needs and associated space flight experiments identified by the 
participants provide an important part of the strategic planning process for space technology 
development and provide the basis for the next solicitation for space technology flight experiments. 
The results of the workshop will be presented in the IN-STEP Selection Advisory Committee in early 
1989. This committee will review the critical technology needs, the funding available for the program, 
and the space flight opportunities available to determine the specific technologies for which space 
flight experiments will be requested in the next solicitation. 
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Conference Publication Content Description, Parts 1 and 2 

The proceedings handbooks were organized as three presentation categories in four volumes: 
(1) Overview (Executive Summary volume), (2) In-Reach/Out-Reach experiments and the experiment 
integration process (Volume I), and (3) critical technology presentations (Volumes II and III). For 
presentation in this NASA Conference Publication (CP), a two-part set (under separate covers), the 
Executive Summary and Volume 1 are combined in Part 1 and Volumes II and III are combined in Part 2. 


Part 1 

Keynote Address — Part 1 of the IN-STEP 88 CP set opens with the keynote address presented at the 
workshop banquet by Dr. Harrison Schmitt, a former U.S. Senator and Apollo astronaut, on the 16th 
anniversary of his lunar launch (Apollo 17). In his presentation. Dr. Schmitt outlined his vision for the 
future of the U.S. space program by describing a Millennium Project which would combine space ventures 
to the Moon, to Mars, and to planet Earth. 

Executive Summary — The Executive Summary (first half of Part 1) contains the welcome and 
workshop instructions, strategic planning for the in-space technology experiments, an overview of the 
space technology experiments being conducted in OAST as well as the solicitation process for IN-STEP, 
the proposed accommodation process for Space Station Freedom, and the critical-technology-needs 
summaries for each theme. These summaries are presented in a standardized format version of the lists 
prepared in "real-time" at the workshop. 

The Welcome and Workshop Instructions describes the purpose, the process, and the product intended 
for the workshop. The Space Strategic Planning process describes the OAST space research and 
technology base programs which generate new technology concepts in the major discipline areas, the 
new focused programs of the Civil Space Technology Initiative (CSTI) as well as the Pathfinder, and 
provides funding for the industry, university and NASA space technology experiments. Overview 
charts of current OAST sponsored space flight experiments and specific information regarding the 
IN-STEP solicitation process are provided to establish an understanding of space technologies currently 
validated and the proposed approach for initiating new experiments. 

Brief overviews of the objectives, technology needs /backgrounds, descriptions, and development 
schedules for current industry, university and NASA space flight technology experiments are presented 
in the second half of Part 1 (Volume I of the original workshop handbook set). This was a very 
important part of the workshop, providing an opportunity for the aerospace community to interact with 
experimenters and provide feedback on the flight experiments. An overview of the user/payload 
integration and accommodation process being established for use on Space Station Freedom is included 
in the content of Part 1 Experiment Descriptions to promote better understanding within the space 
experiment community, and presentations describing the experiment integration process are presented at 
the end of Part 1. 


Part 2 

Critical Technologies — Part 2 of the IN-STEP 88 CP set combines the contents of Volumes II and III of 
the original handbook set. This book contains a theme introduction by each chairperson, critical 
technology presentations for each of the theme’s three elements of technical focus, and summary 
listings of critical space technology needs for each theme. The introduction for each theme includes the 
chairperson's overview and instructions for the participants. The critical technology presentations, 
along with summaries listing the critical space technology needs and associated flight experiments, are 
presented as previously described. 
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t Dr. Ambrus’ presentation for the IN-STEP 88 Workshop was given by Dr. Harris. 
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Theme 1 of 8 SPACE STRUCTURES Theme 1 of 8 

Background and Objectives 

Theme Orientation and Recap of In-Space RT&E Workshop ( Williamsburg , '85) 

Martin M. Mikulas, Jr. 

NASA Langley Research Center, Hampton, Virginia 


COMMITTEE : 


ORGANIZATION 

$: Martin M. Mikulas, Jr. 

Murray S. Hirschbein, OAST/RM 
Harold Frisch, GSFC 
John A. Garba, JPL 
Dale C. Ferguson, LeRC 
Richard W. Schock, MSFC 
Robert J. Hayduk, LaRC 
Claude R. Keckier, LaRC 
Plus Subtheme Speakers 


E GROUPS : 1. Structures 

2. Control/Structure Interaction 

3. Controls 


THEME DISCUSSIONS 


• Open 30 minute DISCUSSION with audience and theme 
leader/speakers/panel 

# Questions and answers 

• Identification of additional technologies from audience 

• Audience prioritization of critical technologies 
JOINT TH EME DISCUSSION . Thursday 8:30-10:45 am 

• Discussion between audience and all theme element speakers 

• Resolution of critical technologies across theme 


THEME SESSION OBJECTIVES 

PURPOSE . 

• Identify and prioritize in-space technologies for space 
structures by considering subtheme details which 

• are critical for future U. S. space programs. 

• require development and in-space validation. 

» Generate comments and suggestions from aerospace 
community on OAST IN-STEP plans. 


PRODUCT : 

• Priority listing of critical space technology needs and 


1 II 


aerospace community. 
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Martin M. Mikulas, Jr. 

NASA Langley Research Center, Hampton, Virginia 


TECHNOLO GY GAPS IN PROPO SED EXPE RIMENTS 


o VALIDATION OF STATION IOC CONSTRUCTION AND UTILITY 
INTEGRATION 

o VALIDATION OF LONG-TERM STRUCTURAL INTEGRITY 
o PASSIVE DAMPING 
o IN-SPACE LOADS CHARACTERIZATION 
o COST-EFFECTIVE HARDWARE DEVELOPMENT 
o STRUCTURALLY-EMBEDDED SENSORS/ACTUATORS 
o VIBRATION/SHAPE CONTROL DEVICES 

- SENSORS 

- ACTUATORS 

o LOW-FREQUENCY ISOLATION DEVICES 


SPACE CON ST RUCTI ON TECHNOLOGY 
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Theme Orientation and Recap of In-Space RT&E Workshop (Williamsburg, ’85) 

Martin M. Mikulas, Jr. 

NASA Langley Research Center, Hampton, Virginia 


ADVANCED STRUCTU R AL CONCEPTS 


TECHNOLOGY 


DESIGN CONCEPTS/GROUND TESTS 

o inflatabi.es 

o GEODESIC FRAMES 
o JOIN IS 

o DEBRIS PROIECTION 
o ANTENNAS 
o WIIAP mo 
o HOOP 
o I Dll 


r SPACE-STATION BASED 
ON ORBIT STRUCTURAL 
FABRICATION 

o ON ORBIT COMPOSITE 
CURING/FORMING 

o MEMBRANES 
o INFLATABLES 
O NONTER BESTIAL 

STRUCTURAL FABRICATION 

o SEGMENTED REFLECTORS 


SPA CE STATION DYN A MIC C H ARACTERIZATION 


GROWTH STATION 
EXPERIMENTS 

o TANKAGE DYNAMICS 
o ROTATING 
MACHINERY 


TECHNOLOGY 


SHUTTLE 

FLUID STRUCTURE 
EXPER. _ 


NDE 

Gill). TESTS DEVEI.. 


DYNAMICS OF IOC 
STATION 

o MEAS. DURING 
CONSTRUCT. 

o LIFE ASSESSMENT 

(NDE) SYSTEM DEMO. 

o CONTROL EXP. 


|OC COMPONENT AND 
MODEL GROUND TESTS 


GROWTH STATION MODEL 
- TESTS 
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Martin M. Mikulas, Jr. 

NASA Langley Research Center, Hampton, Virginia 


CONTROL/ STRUCTU RES INTER ACIiONJCSll 


SPACE STATION 
CSI EXPER. 

o ANTENNAS 
o ACTIVELY CONTROl l ED 
PLATEORMS 

o ROBOTS 
o ARTICULATED 
STRUCTURES 


TECHNOLOGY 


ACTIVELY-CONTROLLED 
INSTRUMENT-SUPPORT TRUSS^ 


3 D DYNAMICS 
AND CONTROL EXPER 
(COES II) . 


'BEAM DYNAMICS All!) 
CONTROL EXPERIMENT 
. (cors i) 


COMPONENT ^TECHNOLOGY 


/ STATION \ 
COMPONENT] 
[ TEST FACILITY/ 


TECHNOLOGY 


□noUNO/SHUTTLE JESTS 

o DYNAMIC ISOIATORS 
o LUBRICATION METHODS 
o DOCKING/ROTATION MECHANISMS 
o ADVANCED ACTUATOHS/SENSORS 
a PRECISION POINTING SYSTEM 


295 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


Theme 1 of 8 SPACE STRUCTURES Theme lot 8 
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Martin M. Mikulas, Jr. 

NASA Langley Research Center, Hampton, Virginia 


R DEVELOPMENT 


O HIGH ACCURACY SURFACE SENSOR (MULTI DOF) 
o REAL-TIME PIIOTOGRAMETRIC CONCEPT 
o MID-RANGE MOMENTUM ACTUATORS 
o HIGH SPEED, HIGH CAPACITY FLIGHT COMPUTERS FOR CSI 
o HIGH SPEED, HIGH CAPACITY DATA BASES 
o MULTI-BODY ALIGNMENT TRANSFER & POINTING SYSTEM 
o RELATIVE ALIGNMENT SENSOR 
o VIBRATION ACTUATORS 
o LOW-FREQUENCY ACTUATORS 
o OPTICAL/INERTIAL VIBRATION SENSORS 
o LOW-G ACCELEROMETER 
o LOW-THRUSTER FOR RIIIIOOST 
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SPACE STRUCTURES 

1.1 Structures 

Air Force Structural Dynamics and CSI Technology Needs 

Jerome Pearson 

Structural Dynamics Branch, Flight Dynamics Laboratory 
USAF Wright Aeronautical Laboratories 


INTRODUCTION/BACKGROUND 


oPROPOSEO SPACE SYSTEMS ARE VERY I ARGE. ANI) INHERENTLY ri EXIBI E 
. ADVANCED COMMUNICATIONS 
. SPACE RASED RADAR 
. SPACE STATION 

. SOI SPACE nASED ARCHITECTURE 


..MISSIONS CAI l TOR EXTnEMFl Y PRECISE ACQUISITION. SLEW. POINTING. 
TRACKING. AND riGURE CONTROL 

- MICRON DISPLACEMENT CONI IIOL 

- NANORADIAN POINTING ACCURACIES 
. AN EXHIEME RETARGET CIIAI I TNCI 


ollir COMBINED IMPACT Or STRUCIURE. MISSION. AND ENVIRONMENT 
REQUIRES A SIGNIFICANT 'IFAP 1 BEYOND CURRENT CAPABILITIES. 


MISSION APPLICATIONS 


0 TECHNOLOGY NEEDS DRIVEN BY NUMEROUS SYSTEMS 


■ NEAR TERM SYSTEMS 


-SSTS/BSTS 

-ADVANCED COMMUNICATIONS 
-SPACE BASED RADAR 


-FAR TERM SYSTEMS 


-SPACE BASED I ASTIT 
-RAIL GUN 
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SPACE STRUCTURES 

1.1 Structures 

Air Force Structural Dynamics and CSI Technology Needs 
Jerome Pearson 

Structural Dynamics Branch, Flight Dynamics Laboratory 
USAF Wright Aeronautical Laboratories 

Theme 1 of 8 


TECHNOLOGY NEEDS 


o PASSIVE DAMPING 

- PASSIVE DAMPING DESIGN CONCEPTS 
-PASSIVE DAMPING OPTIMIZATION 

-DAMPING MATERIALS CERTIFICATION TOR SPACE 

o ACTIVE CONTROL 

-HIGH EFFICIENCY. LOW MASS ACTUATORS 
-ACCURATE MULTI POINT SENSORS 

- DISTRIBUTED SENSING/PROCESSING/ACTUATION 
-ULTRA PRECISION SENSOnS/CONTROL I AWS/ACTUATORS 
-STRUCTURAL STIFFNESS/PASSIVE DAMPING/CONTROL OPTIMIZATION 

o GROUND TESIING 

-SYSIf M PARAMETER IDENLITICAl ION 
-MICROGRAVITY SUSPENSION 

-ULTRA PRECISION. LOW FREQUENCY MEASUREMENTS 

IN SPACE EXPERIMENTATION NEEDS/VOIDS 

o SPACE TESTING TO VERIFY GROUND DYNAMIC TEST RESULTS 
o ON ORBIT SYSTEM IDENTIFICATION METHODS 
o SENSOR AND ACTUATOR BEHAVIOR IN THE SPACE ENVIRONMENT 
o LONG TERM SPACE EXPOSURE EH TCTS 

SUMMARY/RECOMMENDATIONS 


o ESTABLISH ZERO GRAVITY STRUCTURAL CHARACTERIZATION METHODS 
o QUALIFY STRUCTURAL AND DAMPING MATERIALS 

o QUANTIFY OPTIMAL TECHNOLOGY RLFND FOR VIBRATION SUPPRESSION 
o DEVELOP rili r TLYING SI IHJCTUIIAI DYNAMICS EXPERIMENT 
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• Embedded devices 
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• Structural characterization 
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SUMMAR^t^COMMENDATIONS 

Earth observation 

Need Cohesive IntOofafflUHlcatfc^n- 
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LDR 

• Compatibh YJiBI 1 ruction Approaches 

SBR 

• Improved Ground Test Methods 

• Manned spacecraft 

• In-Space SiSpd&Stfffiorpcterization 

Manned Mars Mission 

• Model Verification and Long Life Integrity 
through In-Space Technology Demonstrations 
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Theme 1 of 8 SPACE STRUCTURES 

1.1 Structures 

Industry Perspective on Technology Needs tor Space Structures 

Donald E. Skoumal and Richard M. Gates 

Boeing Aerospace 


INSTEP Technology Themes 


Theme 1 of 8 


IN-SPACE EXPERIMENTATION NEEDS / VOIDS 


Construction techniques 

• Deployment 

• Assembly (manual, robotic) 

• Fabrication 

• Repair/maintenance 

Structural characterization techniques 

• Quasi-static (as-built accuracy, thermal deflections) 

• Dynamic (mode shapes, frequencies, damping, non-linearities) 

Sensor/actuator technology verification 

• Embedded devices 

• Optical/Iascr measurement systems 

NDE methods for In-Space applications 

• Structural characterization 

• Damage detection and isolation 

Space Station Facility for Technology Demonstrations 


SUMMARY / RECOMMENDATIONS 

Need Cohesive Interdisciplinary Plan: 


Innovative Structural Concepts 


• Compatible Construction Approaches 

• Improved Ground lest Methods 

• In-Space Structural Characterization 

• Model Verification and Long Life Integrity 
through In-Space Technology Demonstrations 
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Theme 1 of 8 SPACE STRUCTURES Theme 1 of 8 

1.1 Structures 

University Participation in In-Space Technology Experiments 

K.C. Park 

University of Colorado, Center for Space Structures and Controls 


Technology Needs For University Space Structures Program 


• Structures-Other Discipline Fertilization: 

• Articulation and Maneuvering of Structures by Space Crane 

• Smart Structural Elements and Active Controls 

• Accurate Pointing of Flexible Manipulator Tip 

• Tether Retrieval and Retrieval Platform Dynamics 

• Thermal Transients and Shape Control 


Candidate In-Space Experiment Needs 
for 

University Space Structures Program 


Progressively Instrumented Space Crane 


• Repetitive Usage for Several Experiments 

• Long-Term Involvement of Students 

• Interdisciplinary Activities (i.e., Controls, Dynamics, Robotics, Instrumentation) 

• Models and Experimental Data Can Be Shared by Many Institutions 
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Theme 1 of 8 SPACE STRUCTURES Theme 1 of 8 

1.1 Structures 

University Participation in In-Space Technology Experiments 


K.C. Park 

University of Colorado, Center for Space Structures and Controls 


Candidate In-Space Experiment Need* 
for 

University Space Structures Program 
[Proposed Experiments for Scale- Model Space Crane 

Experiment Description 

#1 
#2 
#3 
#4 
#6 
#6 
#7 


Ground Test of Assembly and Dynamics 
Motion Study of Assembly Procedures and Dynamics 
Re-Design of the Model Crane 
Articulation and Controls 

Environmental/Operational Loads Identification 
Full Instrumentation and Systems Integration 
Use of Space Crane for Construction Demands 
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Theme 1 of 8 SPACE STRUCTURES 

1 .2 Control/Structure Interaction (CSI) 

An Overview of the NASA Controls-Structures-Interaction Program 


Theme 1 of 8 


J. Newsom, Langley Research Center 

H. Waites, Marshall Space Right Center; W. Layman, Jet Propulsion Laboratory 


THE NASA CONTROLS-STUCTURES 
INTERACTION (CSI) PROGRAM 


• A RESTRUCTURING OF THE COFS PROGRAM 

• EMPHASIZES INCREASED GROUND TESTING AND 
ANALYTICAL METHODOLOGY DEVELOPMENT WITH 
A CONSERVATIVE FLIGHT EXPERIMENT SCHEDULE 

• SPACECRAFT APPLICATIONS WEIGHTED TOWARD 
SCIENCE MISSIONS FOR THE 2000+ TIME FRAME 

• JOINT EFFORT OF NASA HEADQUARTERS, 
LANGLEY, MARSHALL AND JPL 


CSI TECHNOLOGY NEEDS 


• QUANTIFICATION OF MISSION REQUIREMENTS AND BENEFIT 
TRADE-OFFS 


• INTEGRATED MODELING, ANALYSIS. AND CONTROL/STRUCTURE 
DESIGN APPROACHES 


• GROUND TEST METHODS FOR VERIFYING CSI DESIGNS 


• SELECTED IN-SPACE FLIGHT EXPERIMENTS TO QUANTIFY 
ACCURACY OF GROUND-BASED PREDICTIONS 
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FLIGHT EXPERIMENT PLANNING 


LOW-COST SYSTEMS STUDY 

• TAKE ADVANTAGE OF EXPERIMENTAL NATURE-- 

- SHORT DURATION - PREDICTABLE PERFORMANCE 

- RETEST OPPORTUNITY - INHERENT REDUNDANCY 

TO RELAX REQUIREMENTS AND REDUCE COST— 

- OPERATING LIFE - RELIABILITY 

- QUALITY CONTROL - TRACEABILITY 

-PERFORMANCE - NOISE GENERATION 

TOLERANCES 

• TRADE: 

SHUTTLE-ATTACHED VS FREE FLYERS 




THIS TECHNOLOGY FOR PRACTICAL APPLICATION IN SPACECRAFT 

• A CONSERVATIVE FLIGHT EXPERIMENT APPROACH IS PLANNED 
ON ORBIT TEST WHEN READY AND NEED EXISTS 
-STUDY WAYS TO REDUCE FLIGHT E XPERIMENTS 

-STUDY ADVANTAGES/DISADVANTAGES OF SMALL-SCALE VS 
LARGE SCALE FLIGHT EXPERIMENTS 
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INSTEP Technology Themes 


SPACE STRUCTURES Theme 1 of 8 


1.2 Control/Structure Interaction (CSI) 
Technology Development Needs: Industry Perspective 


Carolyn S. Major 

TRW Space & Technology Group 


INTRODUCTION/BACKGROUND 

• CSI technology motivated by many future missions 

- Large flexible structures 

- Precision pointing and agility 

• Research in CSI dates to mid '70’s 

• Plethora of ground experiments (government, academia, industry) 

• Several space experiments planned but thwarted (e.g., ACOSS, 
ACE, COFS) 


MISSION APPLICATIONS 


Missions 

Constituent Parts 

Deployable Segmented Articulated Flexible 

Reflectors Optics Payloads Appendages 

SBL 

SBR 

EOS 

VLBI 

LDR 

SSTS 

A-TDRS 

X X 

X X 

X X 

X X 

X X 

X X 

X XX 
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1.2 Control/Structure Interaction (CSI) 

Technology Development Needs: Industry Perspective 

Carolyn S. Major 

TRW Space & Technology Group 


TECHNOLOGY NEEDS 

• Improved modeling 

- beyond NASTRAN 

- non-linear multibody dynamics 

• On-line system identification and adaptive control 

• Integrated controls/structures design approaches 

• Coordinated control system design techniques: slew and point, 
active and passive 

• Component development 

- embedded sensors & actuators 

- space qualified parallel processor 

- light-weight active isolators 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 

• Modeling, identification &. components must be proven via space 
experimentation 

• Design methodologies can be developed and proven with rigorous 
ground experiments 


SUMMARY/RECOMMENDATIONS 

• Piggy-back CSI hardware & software oh appropriate near-term 
missions for cost-effective, timely validation 

— Vehicle accommodation of CSI equipment (weight, power, 
data handling) 

- Requirements for additional a priori testing 

• Proceed with top-down ground experiment with well-defined 
mission requirements to further design methodologies 
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Theme 1 of 8 


The Need for Space Flight Experimentation in Corrtrol/Structure Interaction 

Edward F. Crawley 

Massachusetts Institute of Technology 

Department of Aeronautics & Astronautics, Space Engineering Research Center 


ARK THERE MISSIONS WHICH NEED CSI? 

• Space Science - 

Astronomical 
Mulli Payload Platforms 
Planetary Hxploration 
Fundamental Physics 
Micro Gravity 

• Commercial /Transportation 

Communications 
Infra Structure 

• Defense 


SERC APPROACH 


Rather than examine specific missions, extract common configuration 
themes, and associated requirements 


• Two point alignment (e.g.. Masking instruments) 

• Multipoint alignment (e.g.. Interferometer) 

• Precision surface control (e.g.. Reflector, collector) 

• Multi sensor isolation (e.g.. Platforms) 

• Mullibody articulation (e.g.. Planetary exploration) 

• Micro gravity environment maintenance (e.g., Materials) 

• Large system attitude stabilization (e.g.. Physics) 

• Other defense configurations 

• Non space configurations 
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The Need for Space Flight Experimentation In Control/Structure bteraction 

Edward F. Crawley 

Massachusetts Institute of Technology 

Department of Aeronautics & Astronautics, Space Engineering Research Center 


CLASSES OF TECHNOLOGY NEEDS 


SFRC has identified the following critical technology needs: 

System Architecture 
Structural Concepts 

Control for Structures 
Structures for Control 


1 lard ware Development 
Test ami Verification 


SYSTEM ARCHITECTURE AND 
STRUCTURAL CONCEPTS 

• System architecture - 

Identify disturbance sources, transmission paths and 
performance critical locations 
Minimize disturbances through selection of spacecraft 
systems and layout 

• Structural concepts - 

Develop precision construction or deployment techniques 
Provide ability to reconfigure structure using mechanisms 
which carry static loads passively 
Design for zero CTF, large size, long lifetime and low density 
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HARDWARE DEVELOPMENT AND 
TEST AND VALIDATION 

Hardware development - 

Space-realizable sensors and actuators 
Spatially continuous sensors 
Dual function actuators/sensors 

Expand the numbers and types of available flight sensors, 
actuators and computers 

Test and validation - 

Provide the ground test program to which flight test data is to 
be correlated 

Identify unknowns and unmodelled aspects of plant 
Verify that control hardware and software is effective and 
robust 



INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: C ritical Technologies __ 

Theme 1 of 8 SPACE STRUCTURES Theme 1 of 8 

1 .2 Control/Structure Interaction (CSI) 

The Need for Space Flight Experimentation in Control/Structure Interaction 

Edward F. Crawley 

Massachusetts Institute of Technology 

Department of Aeronautics & Astronautics, Space Engineering Research Center 


THREE POTENTIAL ROLES OF 
CSI SPACE FLIGHT EXPERIMENTS 


• Investigation of basic technology, to understand a fundamental 
gravity dependence in the physics of the problem 

• Demonstration of capabilities, to increase confidence in the 
maturity of CSI technology 

• Development of a spacecraft qualification procedure, to be used 
in the "flight test" of future vehicles which use CSI technology 
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1.3 Controls 

Space Structures: Controls (Validation— Ground and In Space) 


Henry B. Waites 

NASA Marshall Space Right Center 


HARDWARE TESTING 



0 

SUPPORT STRUCTURE 



0 

EXCITATION 




00 

BANDWIDTH AND OTHER LIMITS 




00 

INTERFACES (CONNECTIONS, CABLES, ETC.) 




00 

LOCATION(s) 




00 

CALIBRATION AND MONITORING 




00 

TELEMETRY 



0 

SENSORS 




00 

BANDWIDTH AND OTHER LIMITS 




00 

INTERFACES 




00 

LOCATION s) 




00 

CALIBRATION AND MONITORING 




00 

TELEMETRY 



0 

OPEN 

LOOP 




00 

IMPACT OR IMPULSE 




00 

SINGLE AND MULTI-POINT RANDOM 




00 

SINE DWELL 




00 

SINE SWEEP 




00 

COHERENCE 




00 

LINEARITY 

VALIDATION I 



- RECIPROCITY 

0 

MODEL(s) VS TEST CONFIGURATION(s) 



- EFFECTORS LEVELS 

0 

MODEL CHANGES AND UPDATES 


00 

NONLINEARITY 


oo MASS 



- IN-THE-LARGE 


oo STIFFNESS 



- IN-THE-SMALL 


oo GEOMETRY 


00 

EIGENVALUES AND EIGENVECTORS 


00 BOUNDARY CONDITIONS 

0 

CLOSED LOOP 


00 SEISMIC AND SUSPENSION AFFECTS 


00 

TRANSFER FUNCTIONS 


00 DAMPING 


00 

EIGENVALUES AND EIGENVECTORS 

0 

UPDATED MODEL VS TEST CONFIGURATION 


00 

CONTROLS STRUCTURES INTERACTION 

0 

TRANSITION MODEL 




EXAMPLES 




0 

SS LAB 




0 

IPS 




0 

SAFE- I 




0 

FUTURE PROGRAMS 
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1.3 Controls 

Industry Perspective on Control Technology Needs for Space Flight Verification 

Irving Hirsch 
Boeing Aerospace 


MISSION APPLICATIONS 


Class/Example 

Typical Issues 

• Large flexible spacecraft 

• Large deployable reflector 

* Very large optical Interferometer 

• Space assembly (handling/robotics) 

• Jitter control/precision pointing/ 
shape control 

• Manned spacecraft 

• Space station 

• Manned Mars mission 

• System identification 

• Precision appendage articulation 

• Space assembly (handling/robotics) 

• Planetary exploration 
• Mars sample return mission 

• Smart autonomy 

• Robustness 

• Precision appendage articulation 

• Earth observation 

• Satellites 

• Tethers 

• Precision appendage articulation 

• Stability/robustness 

• Space transportation vehicles 

• Advanced Launch System 

• Shuttle C* 

• Orbital transfer vehicles 

• Robustness 

• Adaptive control and estimation 
TVC actuation 
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1.3 Controls 

Experiments in Dynamics and Controls 


Theme 1 of 8 


Robert E Skelton 

Purdue University, School of Aeronautics & Astronautics 


INTRODUCTION / BACKGROUND 


LESSONS FROM THE PAST 


GUIDING PRINCIPLES 


THEORY NEEDS 


SOFTWARE NEEDS 


HARDWARE NEEDS 


THEME PROBLEMS, EXPERIMENTS 


RESEARCH PROGRAM 


MODELING 


MODEL REDUCTION 


CONTROLLER/PLANT MODELING 


NUMERICAL ISSUES 


RELIABILITY, AUTOMATION 


STRUCTURE TSENSOR 
DESIGN DESIGN 


COMPONENT MODELS 
SYSTEM MODELS 


MODEL REDUCTION 
IDENTIFICATION 


CONTROL 

DESIGN 

(INFINITE WORDLEN 


SOFTWARE 

DESIGN 

FINITE WORDLENGTH 


SENSOR/ACTUATOR 
SELECTION, 
FAILURE DETECTION 
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SPACE STRUCTURES 
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Theme 1 of 8 


Experiments in Dynamics and Controls 



Robert E. Skelton 

Purdue University, School of Aeronautics & Astronautics 



THEORY NEEDS 


• MULTIPLE PERFORMANCE GUARANTEES 


. ROBUSTNESS GUARANTEES 


. NUMERICAL ISSUES IMBEDDED IN CONTROLLER DESIGN 


. THEORY OF DESIGN INTERACTIONS 
(CONVERGENCE) 


. IMPACT ON HARDWARE COMPONENT DESIGN 
(SUBSYSTEM SPECS FROM SYSTEM GOERS) 


SOFTWARE NEEDS 


. DESIGN WORKSTATIONS 

(FOR FAST DESIGN ITERATIONS) 

(GRAPHIC PRESENTATION OF TRADEOFFS) 

• OPTIMIZING SIMULATIONS FOR MAXIMAL ACCURACY 
COMPUTATIONS 

• OPTIMIZING CONTROLLER SOFTWARE FOR MAXIMAL ACCURACY 
COMPUTATIONS 


• OPTIMAL TRADEOFFS BETWEEN HARDWARD/SOFTWARE IN 
SIMULATIONS AND LAB EXPERIMENTS 
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Experiments in Dynamics and Controls 

Theme 1 of 8 


Robert E. Skelton 

Purdue University, School of Aeronautics & Astronautics 



HARDWARE NEEDS 

• NEW SENSORS 

OPTIMAL NOISE LEVELS (FROM COMPONENT SPECS) 
POSITION, RATE, ACCELERATION, STRAIN 
DISTRIBUTED, RELIABLE, HARDENED 

• NEW ACTUATORS 

OPTIMAL NOISE LEVELS (FROM COMPONENT SPECS) 
CURRENT, VOLTAGE, TORQUE, MOMENTUM EXCHANGE, 
MASS DISTRIBUTION, 

. NEW COMPUTERS TAILORED TO FLIGHT CONTROL NEEDS 
PARALLEL PROCESSING? 

MULTIPLE WORD LENGTH & SAMPLE RATES? 

. NEW LAB EXPERIMENTS TO TRADEOFF DESIGN METHODOLOGIES 


THEME PROBLEMS 

• NEEDED AT EVERY LEVEL. 

• ANALYTICAL EXPERIMENTS 

• PDE VS ODE 

• MODEL REDUCTION 
. CONTROL DESIGNS 

• NUMERICAL EXPERIMENTS SIMULATION 

• IDENTIFICATION IN CLOSED LOOP 
. ADAPTIVE CONTROLLERS 

. ROBUST CONTROLLERS 
. N-BODY GENERATION PROGRAMS 

• HARDWARE EXPERIMENTS 

. ACTUATORS 
. SENSORS 

• CLOSED LOOP 
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SUMMARY/RECOMMENDATIONS 
. DEVELOP FLEXIBLE STRUCTURE THEME PROBLEMS AT 3 LEVELS: 
. ANALYTICAL EXPERIMENTS 
. NUMERICAL EXPERIMENTS 

• HARDWARE EXPERIMENTS (LAB, FLIGHT) 

• TO TEST 

. MODELING FOR CONTROL DESIGN 

. CLOSED LOOP IDENTIFICATION AND CONTROL REDESIGN 

• SENSOR/ACTUATOR DESIGN, CONFIGURATION 
. COMPUTATIONAL ISSUES 

. WORDLENGTH 

. ACHITECTURE (PARALLEL, ARRAY, ETC.) 

• DECENTRALIZED COMPUTING 
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SPACE STRUCTURES 

1.3 Controls 

Space Structures Critical Technology Requirements 

Marlin Mikulas, Jr. 

NASA Langley Research Center 


Theme 1 of 8 


OBSERVATION 

o PEOPLE ARE ASKING FOR 

* MULTIDISCIPLINARY EXPERIMENTS 
' REUSABLE TEST BEDS 

o POTENTIAL TEST BEDS 

- SPACE STATION 

- PSR- SHUTTLE BASED 

- ? 

SPACE EXPERIMENT 
TECHNOLOGY NEEDS AREAS 
(STRUCTURE S. DYNAMIC S. AND CONTROLS) 

• CONTROL / STRUCTURES INTERACTION EXPERIMENTS 


• STRUCTURAL CHARACTERIZATION EXPERIMENTS 


• IN SPACE CONSTRUCTION EXPERIMENTS 


CSI/SYSTEMS 
TECHNOLOGY NEEDS 



NEEDED EXPERIMENTS 

FOR FUND. 
TECH DEV. 

FOR DEMO OF 
TECH MATURITY 

FLEXIBLE MULTI-BODY / ARTICULATED CONTROL 

SPACE 

SPACE 

PRECISION POINTING AND SHAPE DIMENSIONAL CONTROL 

SPACE 

SPACE 

MULTIPLE INTERACTING CONTROL SYSTEM 

SPACE (?) 

SPACE 

DAMPING AND VIBRATION SUPRESSION 

GROUND 

SPACE (?) 

VIBRATION ISOLATION 

GROUND 

SPACE (?) 

ACTIVE BALANCING 

GROUND 

GROUND 


323 








INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

INSTEP Technology Themes 

Theme 1 of 8 

SPACE STRUCTURES 

1.3 Controls 

Theme 1 of 8 


Space Structures Critical Technology Requirements 

Martin Mlkulas, Jr. 

NASA Langley Research Center 


CSI / COMPONENTS 



o ACTUATORS, SENSORS AND PROCESSORS 

' SHOULD ONLY BE TESTED IN SPACE AS AN 
INDIVIDUAL COMPONENT WHEN FUNDAMENTAL 
CHANGES IN CHARACTERISTICS ARE EXPECTED 
IN SPACE (E.G., RADIATION ON A COMPUTOR, 
GRAVITY ON AN INERTIAL SENSOR) 



0 BASIC PRINCIPLE 

SPACE TESTING IS JUST1FED FOR FUNDAMENTAL 
TECHNICAL DEVELOPMENT ONLY F THE EXPERIMENT 
CANNOT BE CONDUCTED ON EARTH OR WILL PRODUCE 
DISTORTED AND UNCORRECTABLE DATA WHEN 
CONDUCTED ON EARTH. 


° APPLIED TO CSI 

MIS-MODEUNG OF STRUCTURES AND f, ZERO-G" 
SUSPENSIONS CAN MASK SINGULARITIES IN THE 
CONTROL / STRUCTURE SYSTEM WHICH CAN BE 
EVIDENCED ON-ORBIT BY SYSTEM INSTABILITY. 


THERE IS NO WAY OF GUARANTEEING THRU ON-ORBIT 
OPEN LOOP TESTING OR GROUND BASED CLOSED 
LOOP TESTING THAT THE SYSTEM WILL BE STABLE 
ON ORBIT AT DESIGN GAIN LEVELS. 
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o SYSTEM IDENTIFICATION 

- QUASI-STATIC 

o AS-BUILT 

0 THERMAL DEFORMATIONS 

- DYNAMIC (OPEN LOOP AND CLOSED LOOP) 

o STRUCTURAL DYNAMICS 
o FLUID / STRUCTURE (SLOSH, FLOW) 

- DISTURBANCE SOURCE IDENTIFICATION 

o SENSOR DEVELOPMENT 

- PRECISION DYNAMICS DUE TO LOW LEVEL EXCITATION 

- STATIC SHARE SENSORS 

- DISTURBANCE QUALIFICATION 

o VERIFICATION OF PREDICTION METHODS 

- SCALE MODELS 

- COMPONENT GROUND TESTING 

- ANALYSIS 

o STRUCTURAL INTEGRITY 

- HEALTH MONITORING 


. NDE 
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Space Structures Critical Technology Requirements 


Marlin Mkulas, Jr. 

NASA Langley Research Center 



o ELIMINATES GROUND TEST LIMITATIONS 

0 GRAVITY EFFECTS 
SUSPENSION SYSTEMS 
SIZE LIMITATIONS 

° TERRESTRIAL DISTURBANCES THAT MASK THE PHYSICS 
o 

o ALLOWS SMALL SCALE EFFECTS TO BE IDENTIFIED 
o damping 

NONUNEARiTIES 

o 

„ SENSOR CHARACTERISTICS 
o 

o PROVIDES REALISTIC TEST RESULTS FOR ANALYSIS 
VERIFICATION 


IN-SPACE CONSTRUCTION EXPERIMENTS 
(TECHNOLOGIES CONSIDERED) 

o DEPLOYABLE STRUCTURES 

LARGE TRUSSES (SPACE STATIONS SIZE) 

10 - 15 METER HARD SURFACE REFLECTORS 
40 METER HARD SURFACE REFLECTORS 
55 METER MESH ANTENNAS 
INFLATABLES (15-30 METERS) 

o ERECTABLE STRUCTURES 

SPACE STATION 

PRECISION SEGMENTED REFLECTOR (EVA ON SHUTTLE) 
PRECISION SEGMENTED REFLECTOR (ROBOTIC / EVA) 
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Theme 1 of 8 


Martin Mlkulas, Jr. 

NASA Langley Research Center 





TASKS (FREE-FLYER 



SECOND ASSEMBLY TEST, FREE-FLYER 
MAINTENANCE OF LONG TERM PASSIVE PRECISION 


DISTURBANCE CHARACTERIZATION 


DEGRADATION OF MATERIALS 


RELIABILITY OF MEASUREMENTS 


PHASE III TASKS (REVISIT 


o REPAIRING, INSPECTION, CLEANING, 
SERVICING (ROBOTICS) 

o UPGRADING WrTH 


QUASI-STATIC RECONFIGURATION CAPABILITY 
FURTHER UTILITIES (COOLANTS, FLUIDS, ETC) 
PUMPS 

VIBRATION ISOLATION 


FURTHER PHASE TASKS 


o PHASED INCREASE IN CSI COMPLEXITY LEADING 
TO FUNCTIONAL SPACE SCIENCE INSTRUMENT 
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1.3 Controls 
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PSR FLIGHT EXPERIMENT TEST BED 

MIIITIDISCIPLINARY INVOLVEMENT 


FURTHER 

TIMELINE I ACCURACY 1 HUM AN I CHAR ACTER jPHASE II I PHASE lit PHASES 


TECHNOLOGY THEMES 
STRUCTURE 


POWER L THERMAL 
MAINTENANCE A REPAIR 


ENVIRONMENT 


OBSERVATORIES 
MATERIAL DEVELOP. 


4 SET SPECIFICATION 
X RECEIVE DATA 



329 




330 



II INSTEP88 Workshop 
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INSTEP Technology Themes | 

Theme 2 of 8 

SPACE ENVIRONMENTAL EFFECTS 

Background and Objectives 

Theme Genera/ Content and Sub-Theme Definition 

Theme 1 of 8 | 


LubertJ. Leger 

NASA Johnson Space Center 




ENVIRONMENTAL effects sub-theme definition 

• SUB-THEME 1 : ATMOSPHERIC EFFECTS AND CONTAMINATION 

- ATOMIC OXYGEN EFFECTS 

- LOCAL CHEMISTRY MODIFICATION 

- PRESSURE EFFECTS 

- DEPOSITION ON SURFACES 

- PLUME AND VENT CONTAMINANTS 

- SENSOR DEVELOPMENT 

- CONTROL TECHNIQUES 

- MEASUREMENT TECHNIQUES 

• SUB-THEME 2 : MICROMETEOROIDS AND DEBRIS 

- SHIELD SYSTEMS 

- ENVIRONMENT DEFINITION 

- EFFECTS ON SPACECRAFT 

- DETECTION AND IMPACT CONTROL 

• SUB-THEME 3 : CHARGED PARTICLES AND ELECTROMAGNETIC 

RADIATION EFFECTS 

- ELECTRONIC SYSTEM EFFECTS 

- MATERIAL DAMAGE 

- SENSOR DEVELOPMENT 

- PROTECTION SYSTEMS 
• EMI /EMC 

- SINGLE EVENT UPSET 

- DOSAGE EFFECTS 

- CHARGING 

- PLASMA INTERACTIONS 
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Lubert J. Leger 
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PRIORITIZATION CRITERIA* 


1. ) CRITICAL ENABLING TECHNOLOGIES 

• TECHNOLOGIES WHICH ARE CRITICAL FOR FUTURE U. S. SPACE 
MISSIONS 

2. ) COST REDUCTION TECHNOLOGIES 

• TECHNOLOGIES WHICH CAN DECREASE COSTS OR COMPLEXITY 
(e.g.. DEVELOPMENT, LIFE-CYCLE, OPERATIONS) 

3. ) BROAD APPLICATION TECHNOLOGIES 

• TECHNOLOGIES WHICH CAN IMPROVE OR ENHANCE A VARIETY OF 
SPACE MISSIONS 

4. ) REQUIRE IN-SPACE VALIDATION 

• TECHNOLOGIES WHICH REQUIRE THE SPACE ENVIRONMENT OR 
MICRO-GRAVITY FOR VALIDATION OR EXPERIMENTATION 

* CRITERIA ARE LISTED IN ORDER OF IMPORTANCE (1. - HIGHEST) 


THEME SESSION AGENDA 

• THEME ELEMENT SESSIONS 

• CRITICAL SPACE TECHNOLOGY NEEDS FOR THEME ELEMENT FROM 
PERSPECTIVE OF: 

- INDUSTRY. UNIVERSITIES & GOVERNMENT 

• OPEN DISCUSSION WITH THE AUDIENCE & THEME ELEMENT 
SPEAKERS / THEME LEADER 

- QUESTION & ANSWER WITH SPEAKERS 

- IDENTIFICATION OF ADDITIONAL TECHNOLOGIES FROM 
AUDIENCE 

• COMBINATION & PRIORITIZATION OF THEME TECHNOLOGIES 

• DISCUSSION BETWEEN AUDIENCE & ALL THEME ELEMENT SPEAKERS 

• RESOLUTION OF CRITICAL TECHNOLOGIES ACROSS THEME 
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2.1 Atmospheric Effects and Contamination 

Atmospheric Effects & Contamination: Government Perspective 

Bruce A Banks 

NASA Lewis Research Center 


SUMMARY/RFCOMMFNOAT IONS 

0 Active experiments to allow erosion yield or reaction data to be 
taken under variable conditions of: 

Flux 

Fluence 

Angle of attack 
Temperature 
Solar radiation 

0 Scattered atomic oxygen erosion yield data 

0 Active flux measurement 

0 Functional evaluation of materials performance 
Mechanical 
Optical 

Thermal radiative 
Tribological 

0 Adequate testing at low altitudes to develop high fluence {10^2 - 
10^3 atoms/cn^) 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes | 


SPACE ENVIRONMENTAL EFFECTS Theme 1 of 8 

2.1 Atmospheric Effects and Contamination 
Atmospheric Effects & Contamination Technology Development Needs 


LyleEBarelss 

Martin Marietta Space Systems Company, Astronautics Group 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


* 


• LONG TERM MISSION CONTAMINATION EFFECTS 

• ATOMIC OXYGEN EFFECTS MEASUREMENTS 

• CONTAMINATION ABATEMENT EXPERIMENTS 
—PURGE SYSTEMS 

—INNOVATIVE COATINGS 
—VOLATILE COATINGS 

• IMPROVED CONTAMINATION SENSORS 
—DEPOSITION/SURFACE EFFECTS 
—OPTICAL ENVIRONMENT MONITORS 

• ENGINE PLUME CONTAMINATION EFFECTS 
— FLOWFIELDS 

— DEPOSITION EFFECTS 

• MODEL VERIFICATION EXPERIMENTS 

— LONG DISTANCE TRANSPORT 

— RETURN FLUX MONITORING 

• ON-ORBIT CLEANING EXPERIMENTS 

— BEAM DEVICES/LASERS/ETC 

— USE OF AMBIENT ATOMIC OXYGEN 

• SURFACE GLOW/PROMPT ENHANCEMENT MONITORS 

— AFE TYPE RADIOMETERS/SPECTROMETERS 

• CRYOGENIC DEPOSITION EXPERIMENTS 

• RAM DENSITY ENHANCEMENT STUDIES 

• ON-ORBIT CONTAMINATION EFFECTS EXPERIMENTS 

— COMBINED ENVIRONMENTS 

— CONTROLLED SOURCES 

— PARTICLE ENVIRONMENT MONITORS 


INTERNAL CONTAMINATION ISSUES ADDRESSED 
IN THEME AREA #4 




O SURFACE PROPERTY MODIFICATION: OPTICAL. THERMAL, ELECTRICAL 
O SURFACE AND FREE-MOLECULAR GLOW 
O MOMENTUM ACCOMMODATION UNCERTAINTY 


SCATTERING STUDIES 


O DYNAMICS OF SCATTERING ARE COMPLETELY DETERMINED BY THE POTENTIAL 
ENERGY OF INTERACTION BETWEEN ATOMS OF GAS AND SOLID. 


O EXPERIMENTAL SYSTEMS CONTAIN (1) THE BEAM. (2) THE DETECTOR. AND (3) THE 
TARGET SURFACE. 


O IDEAL MEASUREMENTS WOULD BE (IN ABSOLUTE NUMBERS OF ATOMS): VELOCITY 
DISTRIBUTION OF INCIDIENT BEAM AND VELOCITY DISTRIBUTION OF REFLECTED 
BEAM MEASURED OVER ALL ANGLES. 


O VERY LITTLE DATA EXISTS ON 5 eV SCATTERING BECAUSE OF EXPERIMENTAL 
DIFFICULTY. 


O FOR REACTIVE SCATTERING. ALSO NEED ANGULAR AND VELOCITY DISTRIBUTIONS 
OF PRODUCT MOLECULES 


338 





Theme 2 of 8 



INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

SPACE ENVIRONMENTAL EFFECTS 

2.1 Atmospheric Effects and Contamination 

Hyperthermal Interactions of Atmospheric Species with Spacecraft 

John Gregory 
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Theme 1 of 8 


TECHNOLOGY NEEDS 


O A BETTER UNDERSTANDING OF THE PHYSICS AND CHEMISTRY OF GAS SURFACE AND 
GAS GAS INTERACTIONS IN THE HYPERTHERMAL REGIME IS NEEDED. 

O AN UNDERSTANDING OF THE MECHANISM OF SURFACE CHEMICAL REACTIONS 
WOULD ALLOW QUANTITATIVE PREDICTION OF EFFECTS FOR NEW 
MATERIAI^OXYGEN DOSE COMBINATIONS WITHOUT EXHAUSTIVE TESTING AND 
COMPLETE SIMULATION. 

O AN UNDERSTANDING OF THE SCATTERING PROCESS IS NEEDED TO PREDICT AND 
PERHAPS CONTROL ENERGY AND MOMENTUM ACCOMMODATION AND TO PREDICT 
SECONDARY EFFECTS OF SCATTERED ATOMS. 

O CHEAPER METHODS OF MONITORING THE DENSITY OR FLUX OF ATMOSPHERIC 
SPECIES ARE NEEDED. 


O PROBLEMS WITH SIMULATORS 

O PRESENCE OF IONS, METASTABLE AND EXCITED ATOMS OR MOLECULES 
O SIMULTANEOUS UV IRRADIATION 
O UNCERTAIN BACKGROUND VACUUM CONDITIONS 
O VELOCITY (ENERGY) PROFILE; (RATE = R(E)?) 

O ANGULAR DISTRIBUTION PROFILE (MORPHOLOGY) 

O FLUX RATE (R = kl?) 

O FOR EACH EXPERIMENTAL APPARATUS CONDITION AND CHEMICAL SYSTEM IT MUST 
BE REASONABLY WELL ESTABLISHED THAT THE ABOVE FACTORS DO NOT 
MATERIALLY AFFECT REACTION MECHANISMS OR MEASURED RATES. 


O NEEDED GLOW INFORMATION (IN-SPACE) 


INTENSITY AS A FUNCTION OF: 


WAVELENGTH 
ALTITUDE 
VELOCITY VECTOR 
SURFACE MATERIAL 
TIME AFTER LAUNCH 
SPATIAL EXTENT 


MOST IMPORTANT IS TO IDENTIFY THE SPECTRA OF THE EMITTING SPECIES 
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MEASURE REACTION RATES AS FUNCTION OF; 

O MATERIAL 
O TEMPERATURE 
O OXYGEN ATOM FLUX 
O OXYGEN ATOM ENERGY 


MATERIAL TYPES: 

O ALIPHATIC AND AROMATIC POLYMERS OF DIFFERENT TYPES 
O METALS 
O OXIDES 
O OTHER; EG. C, MoS a 

MANY OF THE SURFACE REACTIONS ARE COMPLEX AND MULTI-STEPPED . A VARIETY 
OF INSTRUMENTAL TECHNIQUES ARE NEEDED TO MEASURE THESE RATES AND MOST OF 
THESE STUDIES MUST BE DONE IN THE LABORATORY. 



O IMPROVED TECHNIQUES FOR MEASURING REACTION RATES IN SPACE 


O PRECISE* REPRODUCIBLE RATES MEASURED IN SPACE NEEDED FOR 
VERIFICATION OF SIMULATORS 


O ATOMIC OXYGEN AND MOLECULAR NITROGEN DOSIMETERS 


O NOVEL INSTRUMENTATION TO CHARACTERIZE IR-VTSIBLE-UV GLOWS AND TEST GLOW 
HYPOTHESES 


O IMPROVED INSTRUMENTATION FOR SCATTERING STUDIES TO VERIFY WORK AT 
SIMULATORS 
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2.2 Micrometeoroids and Debris 

Detection and Measurement of the Orbital Debris Environment 

Faith Vilas 

NASA Johnson Space Center 


METEOROID AND DEBRIS ENVIRONMENT 

• 200 KG OF METEOROID MASS EXIST WITHIN 2000 KM OF EARTH’S SURFACE. 

■ 3,000,000 KG OF MAN-MADE OBJECT MASS EXIST WITHIN 2000 KM OF EARTH'S 
SURFACE. 

• AVERAGE TOTAL INCREASE IN LEO DEBRIS HAS BEEN 5% PER YEAR. 

• DEBRIS HAZARD IS LARGE ENOUGH TO AFFECT THE SPACE STATION DESIGN. 

- IMPACT DAMAGE FROM LARGE PIECES. 

- SURFACE DEGRADATION/EROSION FROM SMALL PARTICLES. 


TECHNOLOGY NEEDS: NEAR TERM 

• SPACE-BASED DEBRIS DETECTION SYSTEMS NEED TO BE DEVELOPED TO MONITOR 
LEO ENVIRONMENT IN DIFFERENT SPECTRAL RANGES. 

• NEW MATERIALS AND CONCEPTS FOR SHIELDING SPACECRAFT MUST BE DEVELOPED. 


TECHNOLOGY NEEDS: LONGER TERM 


• SPACE-BASED COLLISION WARNING SYSTEMS NEED TO BE DEVELOPED FOR 
MANNED AND UNMANNED SPACECRAFT. 

• DEBRIS REMOVAL SYSTEMS SHOULD BE STUDIED. 

• IN-SITU METHODS OF REMOVING OR DEFLECTING A DEBRIS PIECE WHEN IMPACT 
IS IMMINENT MUST BE DEVELOPED. 

• SPACECRAFT MATERIALS MUST BE DESIGNED WHICH WILL MINIMIZE DEGRADATION 
IN ORDER TO MINIMIZE FUTURE ENVIRONMENT CONTAMINATION, PRESERVE OTHER 
SPACE ENVIRONMENT FROM DEBRIS CONTAMINATION. 
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Design Considerations for Space Debris: An Industry Viewpoint 

Dr. H.W. Babel 

McDonnell Douglas Astronautics Company 
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INTRODUCTION/BACKGROUND 
ENVIRONMENT & SHIELD CAPABILITY 


■ Debris has become much more severe than micrometeoroids 

■ Debris flux beiow 10 cm based primarily on analytic projections 


INTRODUCTION AND BACKGROUND 
DEBRIS CONSIDERATIONS 



In-Space 

Ground Simulation 
Facilities 

Velocity 

1-14 km/sec 

Peak flux around 12 km/sec 

To 8 km/sec for 1 cm 
dia spherical Al particle 

Article shape 

Fragments 

Spheres and rods 

Alloy 

Approx. 90% aluminum 

Al and to a lesser 
extent other material 

Mass 

Estimates only 

To 18 gm 

Angle of Impact 

All 

Studied for spherical 
particles 
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EXAMPLES OF POSSIBLE IN-SPACE 
EXPERIMENTS RELATIVE TO DEBRIS 

Debris definition concept 

• Move active debris capture system in debris path - slow down and 
capture such as done for bullets 

• Develop a large area passive capture system that can be deployed; 
e. g., multiple pocket capture systems (in concept like a down quilt) 

Debris mitigation 

• Passive large area screens that slow particles as they pass 
through, so they re-enter quickly. Select screen materials that do 
not cause secondary ejecta 

Shield evaluation in space 

• Seed projectile(s) and subsequently deploy tethered shield 
concept to be impacted. Ensure impact and retrieve shield for 
post test evaluation. Measure relative velocity between 
particle and shield. Seeded particles to re-enter quickly if 
experiment aborted. 
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MODELING AND SIMULATION 


o University of Colorado Debris Models 

o NASA Johnson Space Center Analytic Debris 
Models 

o U.S. Air Force Space Command SMART Catalog 
Extended Catalog 

Statistical Database for Space Debris 
Hybrid Database 

o Feedback from Debris Sampling 

Validation of Models 
Updating of Databases 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


o On-Orbit Sampling 
Quicksat 

LDEF Retrieval and Analysis 
Future Sampling 

o Damage-model Validation 

Breakup Simulation 

Reconciliation of Results with Other Space 
Experiments 


o Shielding Testing and Model Validation 
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INSTEP88 Workshop 
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SPACE ENVIRONMENTAL EFFECTS 

2.2 Micrometeoroids and Debris 
Space Debris Environment Definition 


INSTEP Technology Themes 


Theme 2 of 8 


Dr. Robert D. Culp 

University of Colorado 

Department of Aerospace Engineering Sciences, Colorado Center for Astrodynamics Research 


SUMMARY/RECOMMENDATIONS 
o Modeling/Simulation Development 
o Deteclion/Sampling for Validation and Updating 
o On-Orbit Hazard Verification 


o On-Orbit Shielding Verification 
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SPACE ENVIRONMENTAL EFFECTS 

2.3 Charged Particles and Electromagnetic Radiation Effects 

Effects of Charged Particles and Electromagnetic Radiation on Structural Materials and Coatings 

W.S. Slemp and S.& Tompkins 

NASA Langley Research Center 


TECHNOLOGY NEEDS 

• ABILITY TO PREDICT USEFUL LIFETIMES OF FILMS, COATINGS, ADHESIVES, 
AND STRUCTURAL MATERIALS IN ANY SPACE SERVICE ENVIRONMENT 

• LONG-TERM SYNERGISTIC EFFECTS DATA BASE (UV, e*, P+, TEMP. CYCLING) 

• ACCELERATED TESTING METHODOLOGY FOR SIMULATION OF REAL-TIME 
SPACE RADIATION EFFECTS 

• STANDARDIZED UV SOURCES AND TEST TECHNIQUES 

• MODEL COMPOUNDS TO ELUCIDATE RADIATION EFFECTS FOR 
DEGRADATION MECHANISM STUDIES 

• MATERIALS DESIGNED TO UNDERSTAND EXPOSURE ENVIRONMENT 

• MECHANICAL PROPERTY TESTING IN-SPACE WITH RADIATION EXPOSURE 


RADIATION EFFECTS FLIGHT DATA FOR VERIFICATION OF LABORATORY 
TESTING AND DEVELOPMENT OF ANALYTICAL MODELS 

RADIATION EFFECTS DATA IN SERVICE ENVIRONMENTS OF GEO, INNER VAN 
ALLEN BELT, LEO EQUATORIAL AND POLAR 

SPACE RADIATION ENVIRONMENT DATA FOR PROTONS < 10 meV AND 
ELECTRONS < 1 meV 

MECHANICAL/OPTICAL PROPERTY DATA IN SPACE 

"SMART" MATERIALS WHICH MONITOR IN-SPACE PERFORMANCE 

ADDITIONAL LONG-TERM FLIGHT OPPORTUNITIES 
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Effects of Charged Particles and Electromagnetic Radiation on Structural Materials and Coatings 

W.S. Siemp and S.S. Tompkins 
NASA Langley Research Center 


SUMMARY. 

• PRECISION SPACE STRUCTURES ARE REQUIRED FOR SPACE ANTENNA 
SYSTEMS AND MOST LARGE SPACE STRUCTURAL APPLICATIONS 

• LONG-TERM IN-SPACE DATA NEEDED TO ESTABLISH RADIATION DURABILITY 

• LONG-TERM FLIGHTS ALSO NEEDED IN EACH PROPOSED FLIGHT 
ENVIRONMENT TO PROVIDE: 

• DATA TO IMPROVE ENVIRONMENT MODELS 

• DATA FOR LABORATORY CORRELATION 

• VERIFICATION OF LONG-TERM PERFORMANCE PREDICTIONS FROM 
SHORT-TERM FLIGHT AND LAB DATA 
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INTRODUCTION/BACKGROUND 


WHAT WE ARE INTERESTED IN; 

° DEFINING LONG TERM RADIATION EFFECTS ON ELECTRONIC SYSTEMS AND 
SENSORS 

° PLANNING LONG TERM MISSIONS IN HOSTILE RADIATION ENVIRONMENTS. 
° PROTECTING AGAINST SINGLE EVENT UPSETS AND DOSAGE EFFECTS. 


TECHNOLOGY NEEDS 
NEEDS DUE TQ NEW TECHNOLOGIES; 

° REQUIRE METHODS FOR REDUCING SENSITIVITY TO HIGH-Z/HIGH ENERGY 
COSMIC RAY AND SOLAR FLARE PARTICLES (I.E . "VOTING’. SPECIAL 
DESIGNS. NEW SHIELDING TECHNOLOGY ) 

° SENSITIVITY TO LATCHUP, DISPLACEMENT. AND HIGH ENERGY PROTONS MAY 
BECOME CONCERNS IN FUTURE GENERATIONS OF DEVICES 

° FIBER OPTICS AND OTHER TECHNOLOGIES THAT ARE "HARD" TO SEU'S AND 
OTHER RADIATION EFFECTS NEED TO BE DEVELOPED FOR SPACE USE 

° NEED TO DEVELOP COMPREHENSIVE TESTING METHODS FOR COMPONENTS 
(PARTICULARLY FOR SEU EFFECTS AND LONG TERM DOSAGE) THAT CAN 
SIMULATE IN-SPACE COMPOSITION AND ENERGY SPECTRA. 

° REQUIRE COMPUTER MODELLING TOOLS FOR PREDICTING RADIATION EFFECTS 
ON NEW COMPONENTS 


NEEDS DUE TO EXTENDED MISSIONS: 

° NEED NEW TESTING TECHNOLOGIES CAPABLE OF SIMULATING DOSE/RATE 
TOTAL DOSE, AND ANNEALING. 

° INTERNAL CHARGING OF COMPONENTS OVER LONG TIME PERIODS NEEDS TO BE 
DEFINED AND ARCING CHARACTERISTICS DEFINED. 

° LONG TERM EFFECTS OF INDUCED RADIATION/HEATING ON COMPONENTS NEED 
TO BE DEFINED 

° UNIFORM TECHNIQUES FOR DEFINING /APPLYING RADIATION DESIGN 
MARGINS NEED TO BE DEVELOPED 

° NEW TECHNIQUES FOR HARDENING PARTS NEED TO BE DEVELOPED WITH PART 
EXPOSURES IN EXCESS OF 1 0^ - 1 O 6 RADS TYPICAL 

® REQUIRE INEXPENSIVE, RELIABLE RADIATION MONITORS CAPABLE OF BEING 
STANDARD "HOUSEKEEPING- ITEM ON ALL MISSIONS 





TECHNOLOGY NEEDS (CONT.) 

NEEDS DUE TO SIZE /PROLIFERATION 

° REQUIRE CHEAP/INTRINSICALLY "HARD" COMPONENTS FOR PROLIFERATION 
MISSIONS (I E . PHASED ARRAY RADAR) 

° BETTER SHIELDING TECHNIQUES TO REDUCE MASS REQUIREMENTS 

° ACCURATE. USER-FRIENDLY SHIELDING MODELS CAPABLE OF MODELING 
COMPLEX GEOMETRIES ARE REQUIRED 

° ENVIRONMENTAL IMPACT -LARGE SIZES MAY MODIFY RADIATION AND 
PARTICULATE ENVIRONMENTS 

° BETTER MODELS OF ENVIRONMENT FOR MISSION PLANNING AND OPERATIONS 
ARE REQUIRED (SOLAR FLARES. GEOMAGNETIC STORMS. ETC ) 

NEEDS DUE TO NEY ENVIRONMENTS: 

° DEVICES REQUIRED TO SURVIVE NEAR NUCLEAR REACTORS (SP- 1 00) WILL 

NEED TO WITHSTAND DOSAGES IN EXCESS OF I O 4 - 1 0 7 RADS 

° INCREASING UTILIZATION OF THE 1 000-30000 EM ALTITUDE RANGE WILL 

REQUIRE MUCH MORE RADIATION-INSENSITIVE DEVICES DOTH DOSE/RATE 
AND DOSAGE EFFECTS WILL BE OF CONCERN 

° LONG TERM MISSIONS IN INTERPLANETARY AND INTERSTELLAR SPACE WILL 
REQUIRE SELF ANNEALING PARTS 

» DOD-UNIQUE REQUIREMENTS FOR SURVIVABILITY (I E MICROWAVE 
ENVIRONMENTS. NUCLEAR WEAPONS) NEED TO BE INCLUDED 

" NEW. UNEXPECTED EFFECTS ARE LIKELY I TECHNIQUES FOR IDENTIFYING AND 
FOR RAPIDLY COPING WITH THESE ARE REQUIRED 

SUMMARY/RECOMMENDATIONS 

SPACE RADIATION EFFECTS: 

<i RADIATION EFFECTS ON SYSTEMS WILL BE A CONTINUING AND POTENTIALLY 
GROWING CONCERN IN THE DECADES AHEAD NEW. MORE STRINGENT MISSION 
RADIATION REQUIREMENTS ARE INEVITABLE 

° A CONSISTENT. LONG RANGE POLICY OF MONITORING THE ENVIRONMENT AND 
EVALUATING NEW TECHNOLOGIES IS CRUCIAL TO CONTROLLING THE IMPACT 
OF RADIATION 

° INCREASES IN HARDENING AND REDUCTIONS IN SHIELDING MASS 

REQUIREMENTS ARE THE KEYS TO SUBSTANTIAL MISSION ENHANCEMENT 

° GROUND TEST. MODELLING (ENVIRONMENT AND INTERACTION). DEVELOPMENT 
OF DESIGN GUIDELINES. AND IN SITU EXPERIMENTATION MUST GO HAND-IN- 
HAND 


° COMPREHENSIVE ELECTRONIC COMPONENT TESTING FACILITY 
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2.3 Charged Particles and Electromagnetic Radiation Effects 

Electromagnetic and Plasma Environment Interactions: Technology Needs For the Future 

G. Murphy 

Jet Propulsion Laboratory 


INTRODUCTION/BACKGROUND 


* MISSIONS OF THE FUTURE REQUIRE TECHNOLOGICAL ADVANCES IN 
ELECTROMAGNETICS AND SPACE ENVIRONMENT INTERACTIONS. 

THE DRIVERS FOR THESE NEW TECHNOLOGIES ARE THREE FOLD: 

1. INCREASED DURATION AND RELIABILITY REQUIREMENTS; 

2. INCREASED COMPLEXITY OF PAYLOADS AND SUBSYSTEMS; 

3. INCREASED SUSCEPTIBILITY OF COMPLEX SENSORS AND SUBSYSTEMS. 

• THESE FACTORS ARE COMPLICATED BY THE NEED FOR INCREASED POWER LEVELS, 
PROVISION FOR ON-ORBIT INTEGRATION/RECONFIGURATION, AND USE OF ROBOTIC 
SERVICERS. 


MISSION APPLICATIONS 


• SPACE STATION ATTACHED PAYLOAD AND RACKS MUST BE INTEGRATED ON ORBIT. 

• SYSTEMS WILL BE FLOWN THAT ARE TOO LARGE TO TEST BY MIL-STD 461 METHODS 
AND WILL NOT FIT IN SCREEN ROOMS OR TEST CHAMBERS. 

LARGE STRUCTURES SUCH AS ACTIVE ELEMENT PHASED ARRAYS REQUIRE SPECIAL 
CONSIDERATION FOR ESD AND EM COMPATIBILITY. 

MATERIALS THAT SERVE TO PROTECT A SYSTEM CHANGE WITH AGE (UV, RADIATION, 
SURFACE CONTAMINATION, OXYGEN EROSION, DEBRIS IMPACT) 

• NEW GENERATION SENSORS AND INSTRUMENTS NEED HIGH DENSITY ELECTRONICS, 
HIGH CLOCK FREQUENCIES, AND LOW BACKGROUND NOISE. 

HIGH POWER SYSTEMS AND THEIR DISTRIBUTION ARCHITECTURES MUST CONSIDER 
EMI AND PLASMA EFFECTS FROM INCEPTION. 
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Theme 2 of 8 


TECHNOLOGY NEEDS 


THE NEEDS WILL BE FOCUSED ON THREE AREAS: 
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THE EMI/EM C TECHNOLOGY NEEDS ARE DRIVEN BY SYSTEM AND OPERATIONAL 
REQUIREMENTS 

L EM ENVIRONMENT MUST INCLUDE INTERACTION WITH THE PLASMA 

2. ESD DESIGN MUST BE COMPATIBLE WITH THERMAL REQUIREMENTS AND WEIGHT 

LIMITATIONS. 

3. SOFTWARE VERIFIED AS NON-SUSCEPTIBLE TO EMI 

4. METHODS OF DIAGNOSING AND SOLVING EMC PROBLEMS ON ORBIT 

PLASMA INTERACTIONS DESCRIBE INTERRELATIONSHIP BETWEEN THE PLASMA 
ENVIRONMENT (LEO,GEO, INTERPLANETARY) AND THE SYSTEM 

ISSUES THAT NEED RESOLUTION IN ORDER TO ACCURATELY PREDICT THE 
CONSEQUENCES OF CERTAIN ENVIRONMENT/SYSTEM COMBINATIONS. 

1. PLASMA CHEMISTRY WITH CONTAMINANT EFFLUENTS 

2. CHARACTERIZATION OF MATERIALS (PHOTO EMISSION, SECONDARY PRODUCTION, 

ION SPUTTERING ETC.) 

3. CONTROL OF CHARGE BUILDUP ON LARGE SURFACES 

4. MODEL OF COMBINED NEUTRAL/PLASMA ENVIRONMENTS NEAR LARGE OBJECTS 

5. BREAKDOWN THRESHOLDS, DISCHARGE CURRENTS AS FUNCTION OF GEOMETRY, 

MATERIAL, AND PLASMA DENSITY. 

TO BETTER UNDERSTAND AND MODEL THE ENVIRONMENT EFFECTS AND EMI, NEW 
SENSOR TECHNOLOGY MUST BE DEVELOPED. 

1. SFR'S AND OTHER FLIGHT QUALIFIED, LIGHT WEIGHT DIAGNOSTIC EQUIPMENT 

2. ION/NEUTRAL MASS SPECTRAL ANALYSIS WITH TRACE ELEMENT SENSITIVITY 

3. DISTRIBUTED SENSORS AS STANDARD COMPONENTS OF LARGE SYSTEMS 

4. MEASUREMENT OF DISTRIBUTION FUNCTION OF PARTICULATE MATERIALS 






INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


Theme 2 of 8 SPACE ENVIRONMENTAL EFFECTS Themi 

2.3 Charged Particles and Electromagnetic Radiation Effects 

Electromagnetic and Plasma Environment Interactions: Technology Needs For the Future 

G. Murphy 

Jet Propulsion Laboratory 


Theme 2 of 8 


EXPERIMENTATION NEEDS 
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EMI/EMC: 

1. TOOLS FOR SIMULATING ON-BOARD PERFORMANCE BASED ON GROUND TESTS. 

2. LONG-LIFE MATERIALS WITH GOOD CONDUCTIVITY/THERMAL PROPERTIES 

3. TOOLS FOR VERIFYING SOFTWARE RELIABILITY IN EM ENVIRONMENT 

PLASMA INTERACTIONS 

1. CROSS SECTIONS FOR CHEMICAL REACTIONS BETWEEN AMBIENT AND 

CONTAMINANTS 

2. PREDICT ARC THRESHOLD WITH ACTIVE AND PASSIVE DEVICES AS FUNCTION OF 
GEOMETRY, MATERIAL, AND PLASMA DENSITY 

SENSORS 

1. CONVERT LABORATORY SENSORS TO SPACE ENVIRONMENT 

2. DEVELOP TECHNIQUES FOR MORE SENSITIVE SPFtCTROMETRY 


EXPERIMENT NEEDS -FLIGHT 

EMI/EMC: 

1. FLIGHT TEST NEW CONDUCTIVITY COATINGS (LONGEVITY) 

2. VERIFY GROUND MEASUREMENTS OF ARCS 

PLASMA/INTERACTIONS 

1. MEASURE DYNAMICS OF PLASMA AND NEUTRAL GAS CLOUDS TO VERIFY AND 
IMPROVE MODEUS 

2. CHARGING OF LARGE STRUCTURES IN WAKE AND IN POLAR ORBIT 
SENSORS 

1. INVESTIGATE USE OF SUPERCONDUCTING TECHNOLOGY IN SENSORS 

2. DEVELOPMENT OF SMALL, AUTONOMOUS DISTRIBUTED SENSORS. 
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Space Environmental Effects Critical Technology Requirements 


Theme 2 of 8 


LubertJ. Leger 

NASA Johnson Space Center 


NASA/SDI MEETING ON SPACE ENVIRONMENTAL 

EFFECTS 


• MEETING HELD DURING MID 1988 TO REVIEW TECHNOLOGY 

NEEDS FOR SPACE ENVIRONMENTAL EFFECTS 

• RESULTS OF MEETING EMPHASIZED THE FOLLOWING: 

• SUBJECT FOR ONGOING EXPERIMENTS 

• LDEF 

• EOIM III 

•OTHER MISSIONS SUCH AS DELTA STAR 
•NEED FOR SIMULATION FACILITIES 

• NEED FOR FUTURE EXPERIMENT CARRIERS FOR EXTENSIVE 

STUDY OF EFFECTS 

• IN STEP MEETING WAS THEREFORE FOCUSED MORE DIRECTLY 

TO IN SPACE EXPERIMENT NEEDS THAT WOULD BE THE 
SUBJECT OF THE NEXT OUT REACH SOLICITATION 


MISSION RELATIONSHIP 

o FUTURE NATIONAL SPACE MISSIONS ARE MORE COMPLEX, REQUIRE 
LONG LIFE AND UTILIZE MORE SENSITIVE INSTRUMENTATION 

o INFORMATION GAINED OVER THE LAST DECADE HAS IDENTIFIED 

ASPECTS OF THE ENVIRONMENT WHICH COULD BE LIFE LIMITING TO 
LARGE SPACECRAFT 

o DEBRIS - IMPACT BY 30 CM SIZE OBJECT IN 30 YEARS 

o ATOMIC OXYGEN - COMPLETE REMOVAL BY EROSION OF SPACE STATION 
UNCOATED STRUCTURAL TUBES IN 15 YEARS 

o SUCCESSFUL ACCOMPLISHMENT OF FUTURE MISSIONS REQUIRES IN 
CREASED EMPHASIS ON ENVIRONMENTAL EFFECTS 

o LONG LIFE ENHANCES ENVIRONMENTAL EFFECTS 

o NEW UNDERSTANDING OF ENVIRONMENT AND EFFECTS ON SPACECRAFT 
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MICROMETEOROIDS AND DEBRIS SUMMARY 


• CHARACTERIZATION OF THE LEO DEBRIS ENVIRONMENT AND ITS EFFECT ON 

SPACECRAFT 

- LEO ENVIRONMENT PARTICLE SIZE DISTRIBUTION, SPECTRAL PROPERTIES 

CHARACTERIZATION 

LONG TERM SURFACED DEGRADATION FROM DEBRIS 

IN SPACE SAMPLING OF COLLISION FRAGMENTS: SIZE, SHAPE AND COMPOSITION 

• IN SPACE TESTING OF PROTECTION AND MITIGATION TECHNIQUES FROM LEO DEBRIS 

DEVELOPMENT AND VERIFICATION OF COLLISION WARNING SYSTEMS TECHNOLOGY 
IN SITU 

- EVALUATION OF SHIELD CONCEPTS IN SITU 

EVALUATION AND VERIFICATION OF MITIGATION TECHNIQUES IN SITU 



. 
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MiCROMETEOROIDS AND DEBRIS SUMMARY 


PRIORITY 

AVERAGE 

SCORE 

IN SPACE TECHNOLOGY NEED 

1 

1.14 

LEO PARTICLE DISTRIBUTION 

2 

2.27 

COLLISION WARNING SYSTEM 

3 

2.29 

IN SPACE DEBRIS SAMPLING 

4 

2.44 

IN SITU SHIELD EVALUATION 

5 

2.80 

SURFACE DEGRADATION 

6 

3.00 

MITIGATION TECHNIQUES 

7 

3.29 

EXTERNAL TANK USE 


CHARGED PARTICLES AND 
ELECTROMAGNETIC RADIATION EFFECTS SUMMARY 


• MONITORING OF RADIATION ENVIRONMENT EFFECTS ON 

MATERIALS AND ICs 

NEED LONG TERM, CONTINUOUS MEASUREMENTS OF 
MECHANICAL, OPTICAL, AND ELECTRICAL PROPERTIES IN 
CRITICAL ORBITS (LEO, GEO, POLAR) 

NEED DATA TO VALIDATE GROUND TESTING TECHNIQUES 
NEED DATA TO UPGRADE/VALIDATE RADIATION AND SOLAR 
FLARE MODELS 

• NEED TO DETERMINE EFFECTS OF CHEMICAL VENTING 

IN LEO ON ELECTROMAGNETIC INTERFERENCE AND 
SURFACE DEPOSITION 

• DEVELOP AND TEST IN SPACE SIMPLE, SMALL 

AUTONOMOUS SENSORS FOR SURFACE CHARGING, 
RADIATION EXPOSURE AND ELECTRIC FIELDS 
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Theme 3 of 8 POWER SYSTEMS & THERMAL MANAGEMENT Theme 3 of 8 

Background and Objectives 


Review of Previous Workshops (Williamsburg 10/85, Ocean City 6/88) 

Roy McIntosh 

NASA Goddard Space Flight Center 


SUMMARY OF THE NASA/OAST SPONSORED 


IN-SPACE RESEARCH, TECHNOLOGY 

AND 

ENGINEERING (RT&E) WORKSHOP 


HELD AT: 

WILLIAMSBURG, VA 8-10 OCTOBER, 1985 


-WORKSHOP BACKGROUND 


■ ADVENT OF THE SPACE STATION MARKS A NEW 
ERA OF PERMANENTLY MANNED PRESENCE IN 
SPACE 

■ EXISTING TECHNOLOGY BASE NEEDED 
EXPANSION IN SEVERAL KEY AREAS 

• INDUSTRY AND UNIVERSITY INVOLVEMENT IN 
SPACE ACTIVITIES ANTICIPATED TO INCREASE 

• PERCEIVED NEED TO BRING TOGETHER 
INDUSTRY,UNIVERSITY, AND GOVERNMENT 
RESEARCHERS IN A COMMON FORUM 
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WORKSHOP GOALS 


■ IDENTIFY FUTURE NEEDS FOR IN-SPACE 
EXPERIMENTS IN SUPPORT OF SPACE 
TECHNOLOGY DEVELOPMENT, ESPECIALLY AS 
RELATED TO THE SPACE STATION 

• VALIDATE NASA’S IN-SPACE EXPERIMENT 
THEME AREAS 

• INITIATE A LONG-TERM PROGRAM OF OUTREACH 
TO UNIVERSITIES AND PRIVATE INDUSTRY 

TO ESTABLISH A USER COMMUNITY NETWORK 

• FORM THE BASIS FOR ESTABLISHMENT OF ON- 
GOING TECHNICAL WORKING GROUPS 


-WORKSHOP THEME AREAS- 


• SPACE STRUCTURES (DYNAMICS & CONTROL) 

• FLUID MANAGEMENT 

• SPACE ENVIRONMENTAL EFFECTS 

■ ENERGY SYSTEMS & THERMAL MANAGEMENT 

■ INFORMATION SYSTEMS 

• AUTOMATION & ROBOTICS 

• IN-SPACE OPERATIONS 
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Background and Objectives 

Review of Previous Workshops (Williamsburg 10/85, Ocean City 6/88) 


Roy McIntosh 

NASA Goddard Space Flight Center 


ENERGY SYSTEMS AND THERMAL MANAGEMENT 

KEY TECHNOLOGY ISSUES 


PERFORMANCE TESTING 


o COMPONENTS/SUBSYSTEM 


O SYSTEMS 


ENVIRONMENTAL FACTORS 
0 ATOMIC OXYGEN 


FUNDAMENTAL PHENOMENA 


O THERMAL TRANSPORT 

- PHASE CHANGE SYSTEMS 
o THERMAL STORAGE 

• SOLID/LIQUID CONTAINMENT 

* HEAT FLOW MANAGEMENT 


o SPACE PLASMA 
O MICROMETEOROIDS 


-WORKSHOP RESULTS- 

KEY TECHNOLOGY ISSUES 


• FUNDAMENTAL PHENOMENA 

-HEAT TRANSFER IN MICRO-GRAVITY 
-PHASE CHANGE/THERMAL STORAGE 

■ ENVIROMENTAL CONCERNS 

-MICROMETEROiDS, ATOMIC OXYGEN. SPACE 
PLASMA 

• PERFORMANCE TESTING (IN-SPACE) 
-TWO-PHASE COMPONENTS AND SUBSYSTEMS 
-TWO-PHASE SYSTEMS 
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ENERGY SYSTEMS AND THERMAL MANAGEMENT 

GENERAL OBSERVATIONS 


o MUCH OF PROPOSED EXPERIMENTAL EFFORT COULD BE 
CONDUCTED ON THE GROUND 


o MANY PROPOSED EXPERIMENTS WERE APPROPRIATE FOR 
PRECURSOR SHUTTLE FLIGHT 


o SOME EXPERIMENTS WERE NOT SUITED FOR SHUTTLE OR 
SPACE STATION 

o MOST EXPERIMENTS WERE AT THE "IDEA” LEVEL - MINIMAL 
TECHNICAL DETAIL 

o TWO FUNDAMENTAL RESEARCH AREAS WERE IDENTIFIED 
AS REQUIRING SPACE FLIGHT 

- PHASE CHANGE/HEAT TRANSFER PHENOMENA IN ZERO-G 

- ENVIRONMENTAL EFFECTS 

o ADVANCED POWER AND THERMAL SYSTEMS WILL REQUIRE 
IN-SPACE EXPERIMENTAL SUPPORT 


-WORKSHOP RESULTS- 

FUTURE ACTIVITIES 


• 1986: ANNOUNCEMENT OF OPPORTUNITY FOR 
IN-SPACE EXPERIMENTS 

-231 PROPOSALS RECEIVED 
-41 PROPOSALS SELECTED, MOSTLY FOR 
DEFINITION PHASE EFFORT 

• 1988: NASA/OAST WORKSHOP ON TWO-PHASE 
FLUID BEHAVIOR IN A SPACE ENVIRONMENT 

■ 1988: IN-STEP 88 WORKSHOP 
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Roy McIntosh 

NASA Goddard Space Flight Center 


SUMMARY OF THE NASA/OAST SPONSORED 



WORKSHOP ON TWO-PHASE FLUID BEHAVIOR 

IN A 

SPACE ENVIRONMENT 



HELD AT: 


OCEAN CITY, MARYLAND 13-14 JUNE, 1988 


-GENESIS OF WORKSHOP- 


* NASA HQ RECEIVED A LARGE NUMBER OF 
PROPOSALS WHICH FOCUSED ON RESEARCH 
INTO TWO -PHASE FLOW PHENOMENA IN A 
MICROGRAVITY ENVIRONMENT. THIS 
SPOTLIGHTED THE PROBLEM. 

• COST AND MANIFESTING CONSTRAINTS 
PROHIBIT MORE THAN A FEW SELECT 
FLIGHT EXPERIMENTS. 

* CONCEPT OF A COORDINATED FLIGHT TEST 
PROGRAM DEVELOPED. 

• HEADQUARTERS REQUESTED GSFC TO 
ORGANIZE AND CONDUCT A WORKSHOP TO 
BEGIN PLANNING FOR THIS TEST PROGRAM. 
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-WORKSHOP GOALS- 


* IDENTIFY AND CATEGORIZE/PRIORITIZE 
THE TECHNICAL ISSUES, CONCERNS, AND 
PROBLEMS INVOLVED IN DESIGNING TWO- 
PHASE THERMO -FLUID DYNAMIC SYSTEMS 
FOR SPACE APPLICATIONS. 

* CONCEPTUALIZE POSSIBLE TECHNOLOGIES 
AND FLIGHT EXPERIMENTS TO ADDRESS 
THE ISSUES IDENTIFIED. 


THE ABOVE WILL PROVIDE THE PRIMARY 
INPUTS TOWARDS DEFINITION OF THE 
TEST PROGRAM. WORKSHOP ITSELF DOES 
NOT SEEK TO DEFINE TEST PROGRAM. 


-WORKSHOP RESULTS- 

MAJOR TECHNICAL ISSUES 

HARDWARE NEEDS ; 

• HEAT PUMPS 

• LOW WEIGHT RADIATORS 

• ADVANCED HEAT PIPES 

- CRYOGENIC 

- UPPER MID - TEMPERATURE (e.g. WATER) 

- HIGH TEMPERATURE 

• IMPROVED MATERIALS 

• STABILITY ENHANCEMENT DEVICES 

• HIGH FLUX EVAPORATORS 

• VAPOR SEPARATORS 
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Theme 3 of 8 


-WORKSHOP RESULTS- 

MAJOR TECHNICAL ISSUES 


HARDWARE NEEDS ; 

• HEAT PUMPS 

• LOW WEIGHT RADIATORS 

• ADVANCED HEAT PIPES 

- CRYOGENIC 

- UPPER MID -TEMPERATURE (e.g. WATER) 

- HIGH TEMPERATURE 

• IMPROVED MATERIALS 

• STABILITY ENHANCEMENT DEVICES 


* HIGH FLUX EVAPORATORS 

• VAPOR SEPARATORS 



-WORKSHOP RESULTS- 
MAJOR TECHNICAL ISSUES 


BASIC RESEARCH NEEDS: 


* TWO -PHASE INSTABILITIES 

* PROPERTIES OF MATERIALS 

* ANALYTICAL MODELS 

* EMPIRICAL MODELS FOR DESIGN 
PURPOSES 
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IN STEP 88 WORKSHOP 

OBJECTIVES 


• REVIEW STATE OF TECHNOLOGY READINESS IN 

CONVENTIONAL POWER SYSTEMS 
NUCLEAR AND DYNAMIC POWER SYSTEMS 
THERMAL MANAGEMEN 

• IDENTIFY CRITICAL TECHNOLOGY NEEDS 
FOR IN SPACE EXPERIMENTS 

GOVERNMENT 

INDUSTRY 

UNIVERSITY 

AUDIENCE 


• PRIORITIZE NEEDS 
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Dr. John M. Smith 

NASA Lewis Research Center 


Theme 3 of 8 



• EARTH OBSERVING MISSIONS 

• MATERIALS PROCESSING PLATFORMS 

• SPACE BASED AIR/OCEAN TRAFFIC CONTROL RADAR 

• PRODUCTION, MANAGEMENT, STORAGE OF CRYO FLUIDS 

• GEO COMMUNICATIONS PLATFORM 

• MARS AND/OR PHOBOS SAMPLE ACQUISITION, ANALYSIS, RETURN 

• PLANETARY ROVERS (PILOTED AND ROBOTIC) 

• LUNAR AND ASTEROID RESOURCE UTILIZATION 

• SPACE TRANSFER VEHICLE (NEP AND SEP) 

■ LUNAR OUTPOSTS TO EARLY MARS OUTPOSTS 

• FAR OUTER PLANET ORBITER 

• INTERPLANETARY TRAVEL 


INTRODUCTION AND BACKGROUND 


NERVA/ROVER 

SNAP10A 

NUCLEAR/THERMIONICS 

SPACE RANKINE AND BRAYTON 

SOLAR DYNAMIC CONCENTRATOR AND RECEIVER 

RTG - 22 U S. SPACECRAFT 


Efl££EM 


• FUTURE 

MOD RTG 
DIPS 

SOLARDYNAMICS 
SP 100 THERMOELECTRICS 
SP 100 STIRLING 
NUCLEAR/THERMIONICS 

• DREAMS 

NUCLEAR FUSION 

ANTIMATTER 

ETC. 


GPHS RTG 

GALILEO 

ULYSSES 
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TECHNOLOGY NEEDS: 

• NUCLEAR 

- HIGH POWER/ENERGY 

- LONG LIFE/HIGH RELIABILITY 

- AUTONOMOUS OPERATION 

- 100% SAFE 

. DYNAMIC POWER CONVERSION SYSTEMS 

- 2 PHASE FLOW - RANKINE 

- START-UP/SHUT DOWN/RESTART - RANKINE 

- GAS BEARINGS - BRAYTON AND STIRLING 

- COMPACT/LIGHTWEIGHT RADIATORS 

• SOLAR DYNAMIC SYSTEMS 

■ LIGHTWEIGHT. HIGH HEAT CAPACITY, HIGH THERMAL CONDUCTIVITY 
THERMAL ENERGY STORAGE (TES) SYSTEMS 

- SPACE VERIFICATION OF TES VOID THEORY AND GROUND EXPERIMENTS 

• THERMAL CONTROL AND ENVIRONMENTAL PROTECTION COATINGS 
FOR CONCENTRATOR SURFACES 

• POWER MANAGEMENT AND DISTRIBUTION 

- HIGH POWER/VOLTAGE 

- HIGH TEMPERATURE 

- RADIATION RESISTANT 

■ FAULT TOLERANT/AUTONOMOUS 


• MA TE R IALS 

• TESTING IN COMBINED SPACE ENVIRONMENT 

- SURFACE COATINGS/MODIFICATION FOR HIGH EMISSIVITY RADIATORS 

- REFRACTORY METAL DATA BASE FOR HIGH TEMPERATURE DYNAMIC 
AND NUCLEAR SYSTEMS 
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Dynamic and Nuclear Systems 


Dr. John M. Smith 

NASA Lewis Research Center 


SUMMARY AND RECOMMENDATIONS 


• DYNAMIC AND NUCLEAR SYSTEMS REQUIRE IN-SPACE 
EXPERIMENTS 

BASIC RESEARCH TO PROVIDE DESIGN DATA 
COMPONENT TESTING TO VERIFY DESIGN DATA 


• IN-SPACE EXPERIMENTS PROVIDE ONLY TRUE TEST OF 
COMBINED SPACE ENVIRONMENTAL EFFECTS 
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HEAT SOURCE 


DYN. CONV. 



CHEMICAL 


RANKINE 

ORGANIC 
LIQUID METAL 

BRAYTON 

STIRLING 


OPEN BRAYTON 


* NOT CONSIDERED AS PART OF DYNAMIC AND NUCLEAR SYSTEM WORKSHOP 
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Dr. J.S. Armijo 

General Electric Astro Space Division 


TECHNOLOGY NEEDS 

• REACT ORS 

HIGH TEMP. TRANSIENT FUEL FOR BURST POWER & PROPULSION 
WELL CHARACTERIZED HIGH TEMP. /STRENGTH MATERIALS 
MATERIAL FABRICATION & JOINING 

• m nmm 

LOW MASS SHIELD MATERIAL/CONFIGURATIONS 
TEMPERATURE TOLERANT SHIELD MATERIALS 
IMPROVED MCNP COOES/EXPERIMENT VALIDATION 

• CONVERSION 

IMPROVED PERFORMANCE PASSIVE CONVERSION 
RELIABLE SPACE QUALIFIED DYNAMIC CONVERSION 
HIGH TEMP. MATERIALS, BEARINGS/SEALS 
SPACECRAFT COMPATIBLE - JITTER, EFFLUENTS, ETC. 

• STRUCTURE 

FABRICATION & JOINING IN MICRO/ZERO GRAVITY 

• IHERMAL MANAGE MENT 

LOW MASS RADIATORS 
THERMAL COATINGS 

LOW MASS SURVIVABILITY TECHNIQUES 
FAULT TOLERANT - SELF HEALING STRUCTURES 
LOW COST/HIGH PERFORMANCE HEAT PIPES 

• INSTRUMENTATION & CONTROL 

SUPER RAD HARD ELECTRONICS (INSTR. & COMMUNICATIONS) 
RELIABLE FAULT TOLERANT ARCHITECTURE 
HYBRID PACKAGING VLSI COMPONENTS 
LONG LIFE HIGH TEMP/RAD TOLERANT SENSORS 

• POWER MANAGEMENT 1 DISTRIBUTION 

HIGH PERFORMANCE, LOW MASS HARDWARE 

HIGH VOLTAGE TRANSFORMATION, INSULATION & DISTRIBUTION 



r\ 

-^s 
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IN-SPACE EXPERIMENTS 


APPLICATION | EXPERIMENT I TIME FRAME 


REACTOR | • He GAS COLLECTION AND RETENTION IN LIQUID METAL | '92* 

COOLANT LOOP | COOLANTS IN MICRO AND ZERO GRAVITY I 


1 i 

REACTOR i • TWO PHASE SOLID/LIOUID PUMPING, FLOW AND | '92+ 

COOLANT LOOP | SEPARATION AND MICRO ZERO GRAVITY I 

CONVERSION | I 

1 h 

REACTOR | • TWO PHASE LIQUID/GAS SEPARATION AND GAS ACCUMULATION | '92* 

COOLANT LOOP | IN WORKING FLUIDS AND COOLANT LOOPS I 

CONVERSION | I 

1 1 

REACTOR | • GAS BUBBLE NUCLEATION AND GROWTH PHENOMENA IN | '92* 

COOLANT LOOP | LIQUID METALS I 


i i 

REACTOR I • FREEZE/THAW OF LIQUID METALS IN-SPACE, INCLUDING | '92* 

COOLANT LOOP | VOID FORMATION AND DISTRIBUTION I 

CONVERSION | I 


STRUCTURE | • ATOMIC OXYGEN CORROSION RATES OF HIGH TEMP | ’92* 

MATERIALS | STRUCTURAL MATERIALS IN SPACE ENVIRONMENT | 


STRUCTURE | I MICRO GRAVITY/ZERO GRAVITY EFFECTS ON WELDING I ’94+ 

MATERIALS | AND JOINING I 

FABRICATION | I 

OPERATIONS | I 


OPERATIONS | • MAINTENANCE & SERVICING OF POWER SYSTEMS BY | '94* 

I ROBOTICS IN REMOTE MICRO-ZERO GRAVITY SPACE & | 

| PLANETARY ENVIRONMENTS I 


ROBOTICS IN REMOTE MICRO-ZERO GRAVITY SPACE & 
PLANETARY ENVIRONMENTS 
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SUMMARY/RECOMMENDATIONS 



• 

SPACE POWER IS A PRECIOUS COMMODITY 



i 

HIGH POWER SIGNIFICANTLY ENHANCES AND ENABLES FUTURE 
SPACE MISSIONS 



• 

SPACE EXPERIMENTS WILL PROVIDE ASSURANCE OF HIGH TEMPERATURE 
LIQUID METAL COOLANT, CONVERSION WORKING FLUID & MATERIAL 
PERFORMANCE AND LIFETIME. 



• 

EXPERIMENTS ARE COMPATIBLE WITH EARLY TO MID '90 STS OPERATIONS 




QUALITATIVE RANGE OF APPLICABILITY OF 
VARIOUS SPACE POWER SYSTEMS 
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INTRODUCTION/BACKGROUND 

SPACE POWER SYSTEM REQUIREMENTS 

- LONG LIFE (UP TO 10 YEARS) 

- HIGH RELIABILITY ( > 0.95 ) 

-- HIGH SPECIFIC POWER (UP TO 100 We/kg) 

-- SAFETY ( LAUNCH. IN-FUGHT, IN-ORBIT, AND END OF 
MISSION DISPOSAL) 

- MODULARITY AND SCALABILITY 

- LOAD - FOLLOWING/AUTONOMOUS OPERATION 

ADVANCED TECHNOLOGY NEEDS 

- HIGH TEMPERATURE MATERIALS 

- EFFIOENT AND REUABLE CONVERTORS (STIRLING, 
THERMOELECTRICS, THERMIONIC, BRAYTON. RANKINE 

- INSTRUMENTATION/POWER CONDITIONING/HARD ELECTRONICS 

- ROBOTICS, SIMULATION, FAULT DETECTION AND 
AUTONOMY 


MISSION APPLICATIONS 

- ORBITING PLATFORMS 

- SPACE STATION 

~ LUNAR MISSION SUPPORT APPLICATIONS 

- MARS MISSION SUPPORT APPLICATIONS 

-- SPACE AND LUNAR COMMERCIALIZATION ACTIVITIES 

- PLANETARY EXPLORATION SPACECRAFT 

- ORBITAL OPERATIONS SUPPORT VEHICLES 
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TECHNOLOGY NEEDS 

• THERMAL MANAGEMENT 

- TWO-PHASE FLOW IN MICROGRAVITY 

• TWO-PHASE SEPARATION IN MICROGRAVITY 

- CONDENSATION AND SEPARATION OF NON CONDENSIBLE GASES 

■ BOILING PHENOMINA/CRITICAL HEAT FLUX/BUBBLE NUCLEATION 

■ THAW AND RETHAW IN ORBIT OF LIQUID METAL SYSTEMS 

- CRITICAL FLOW, SURFACE TENSION AND WETTING ANGLE IN ORBIT 

- INTERFACIAL PHE NOMINA (LIQUID/LIQUID AND LIQUID/SOLID) 

- HEAT PIPES TRANSIENT OPERATION AND STARTUP FROM FROZEN STATE 

• MATERIALS 

■ COMPATIBILITY WITH ADVANCED AND REFRACTORY-METAL ALLOYS 

- SELF-DIFFUSION/SELF-WELDING 

• ADVANCED RADIATOR FABRICS/HIGH TEMPERATURE COMPOSITS 

• THERMAL AND ELECTRICAL INSULATION 

• EFFECT OF CHARGED PARTICLES (ele & pro) ON OPTICAL 
PROPERTIES OF SPACECRAFT STRUCTURE MATERIALS 

- EFFECTS OF ATOMIC OXYGEN ON POWER CABLES, INSULATION 
AND STRUCTURE MATERIALS 

- LUNAR AND MARTIN SHEADING MATERIALS 


OPERATION AND SAFETY 

- AUTOMATION AND AUTONOMY 

- AUTOMATION AND CONTROL 

- RELIABILITY 

- IN-ORBIT THAW AND RETHAW 

- CRITICAL FLOW AND INTERFACIAL PHENOMENA 

- SURVIVABILITY 

• TEMPERATURE, PRESSURE, AND RADIATION SENSORS 
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SUMMARY/RECOMMENDATIONS 


SPACE POWER SYSTEMS DEVELOPMENT AND ADVANCED 
TECHNOLOGY NEEDS ARE BEST MET BY: 

- BASIC RESEARCH AND PROOF OF PRINCIPLE 
IN-SPACE EXPERIMENTS 

- CONCEPT VERIFICATION IN-SPACE EXPERIMENTS OF 
DEVICE/COMPONENTS 

IN-SPACE EXPERIMENTS ARE NECESSARY TO THE 
SUCCESS OF FUTURE MISSIONS INCLUDING: 

- MARS AND LUNAR MISSIONS 

- SPACE COMMERCIALIZATION 
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INTRODUCTION/BACKGROUND 

• SPACE POWER SY3TEHS OF THE PAST: 

- Low power- low voltage DC systems 

- High specific mass/hlgh cost per Kw. 

• PRESEWT DAT SPACE POWER SYSTEMS: 

- Improved specific mass 

- Still low power- low voltage DC systems 

- Cost Improvements have been accomplished 

• TO EffSURE A VI ABLE SP ACE PROGR A M, POWER SYST E MS Of TH E F UTURE MUST HAVE G REATLY 
IMPROVED ATTRIBUTES: 

- High power-high voltsge AC systems 

- Significant reductions in weight 

- Significant reductions in costs 


MISSION APPLICATIONS 


Planetary exploration spacecraft 

Earth eurveilance satellites 

Earth resource satellites 

Communication satellites 

Space station 

Orbiting platforms 

Lunar mission support applications 

Mars mission support applications 

Orbital operations support vehicles 

Cis-lunmr transportation vehicles 

Space commercialization activities 
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TECHNOLOGY NEEDS/CRITICAL TECHNOLOGIES 


• SOLAR PHOTOVOLTAIC CELLS 

- High ef f iciency/ 1 ightweight solar cells 

- Radiation tolerant cells 

- Lightweight solar arrays 

Deployable 

Stowable 

- Refractive concentrator development 

• RIOT EffERdV DEWSITY STORAGE SYST EMS 

- Advanced batteries 

- Regenerative fuel cells 

- Inertial energy storage 

- Superconducting magnetic energy storage 

• POWER HAHAOEHEHT ARP DISTRIBUTION SYSTEMS 

- High power/high voltage systems 

- High frequency AC components and devices 

- fault tolerant power systems and components 

- Autonoaous power systems operation 

• MATERIALS 

* Materials for high power-high voltage sy terns 
Insulators 
Conductors 

Thermal control materials 

- Materials compatibility with operating environment 
• E1CVIR0WMEHTAL IKTERACTI0W3 

- Design criteria for power system space operating environment comparlbl 1 1 ty 

High voltage operation 

Spacecraft charging/discharging phenomena 

- Design criteria for power system planetary environment conpa tibl 1 i ty 

Lunar surface operation 
Martian atmosphere environment 


IN-SPACE EXPERIMENTS NEEDS/VOIDS 

Power Technology Development Experiments Can Re Put Into The Poliowing Three 
Broad Categories: 

I. Proof of principle experiments (Basic research] 

II. Concept verification experiments of devicea/components 

III. Design/operational readiness verification tests of systems in space 

The Space Power In-Space Experiments program is directed towrd category 
I and II experiments: 

# In support of the OAST Base Research and Technology Program 
0 To support the Civil Space Technology Initiative 
0 To support the Pathfinder Program 
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IN-SPACE EXPERIMENTS NEEDS/VOIDS 
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IN-SPACE EXPERIMENTS NEEDS/VOIDS 
| 1990 I 1991 I 1992 I 1993 I 1994 1995 


■ SHORT TERM EXPOSURE TESTS Of PV CELLS 

• EXPERIMENTS TO COMPILE DATA ON 
ELECTROCHEMICAL PHENOMENA 

SHORT TERM MATERIALS TESTING 
► ION THRUSTER EFFLUX CHARACTERIZATION 


■ DEVELOPMENT EXPERIMENTS ON \ 

ADVANCED BATTERIES \ 

- PLASMA INTERACTION EXPERIMENTS 
FOR SOLAR ARRAYS 

■ IN-SPACE PERFORMANCE OF HEAT / 
^REJECTION TECHNIQUES X 


PH0T0V0LTAICS 
HIGH ENERGY DENSITY STORAGE 
POWER MANAGEMENT AND DISTRIBUTION 
ENVIRONMENTAL INTERACTIONS 
MATERIALS FOR POWER SYSTEMS 


1996 1997 1998 1999 


LONG TERM EXPOSURE TESTS OF NEW N 
SOUR CELLS, BLANKETS, ARRAYS, ETC, 

LONG TERM EXPOSURE TESTING OF 
POWER SYSTEM MATERIALS > 


IN-SPACE VERIFICATION OF HIGH- 
VOLTAGE POWER SYSTEMS 
INTERACTI0NS-0PERATI0NS 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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High Priority Technology Objectives 


• Better Batteries 

• Lower weight (higher w- hr/lb) 

• Higher capacity (up to about 200 A hr) 

• Longer activated shelf life (cost and schedule issue) 

• Less expensive 

■ Improved volume efficiency 

• Improved thermal design/thermal interface (esp for IPV NiRJ 

• Lower temperature sensitivity 

• Higher operating temperature range 

... , . . . * Bette 

• Most promising near-term technologies 

• } 

• CPV NiH 2 - Low cost and high performance 

» I 

• NaS - high performance 


> High voltage power distribution switch gear 

* 50, 100, 200 VDC operation 

• 1, 2, 5, 10, 20, 50, 100 ADC operation 


Better Solar Celfs/Arrays 

• Higher efficiency 

• Lower weight (thin cells, spray-on cover glass) 

• Improved radiation hardness 

• Eliminate need for cover glass 

• UV tolerant adhesive and cells 

• Lower cost 

• Built-in reverse voltage protection 

• Improved interconnections 

• Concentrator technologies (especially for laser hardening) 


• Switches with "relay-like* characteristics 

• High efficiency (> 99.9%) 

• Permanent memory 

• High noise immunity, command/power ground isolation 

• Light weight 

• High reliability 


• Low cost 

• High surge-carrying capability 
Fuses 

• High reliability, hermetically sealed 

• Sturdy, lightweight 


> Capacitors 

• 1 00, 200, 400 VDC operation 

• 1 , 10, 20, 50, 100 microfarads 

• Low ESR, high AC current rating 

• Volumetrically efficient 

• High resonant frequency 

• Light weight 

- Fail-safe (ie. no permanent short circuit failure mode) 

Radiation Hardened Power MOSFETs 


• Higher power ratings 

• Prompt response hard (X-ray) 

• Single event upset hard (cosmic ray) 

- Combined Technology Power Control Building Blocks 

• Analog, digital, and power devices in standard building 
block packages (power hybrids) 

• Digital input signal, high power switch output. 

• Could be part of enabling technology for resonant and 
quasi-resonant converters with promise of 

> 2:1 power density improvement 
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In-Space Experiments Needs (Near-Term) 


I * Qualification of most power systems equipment can be 

satisfactorily accomplished without in-space demonstration. 

• Exception - Equipment possibly sensitive to 
micro-gravity such as batteries. 

• Biggest need for flight experiments is to better define the 
characteristics of certain space environments. Better 
environment models will permit improved performance 
analyses/predictions and thus better designs. 

• Space plasma 

- Effect on high-voltage solar arrays 
- ESD 

• Atomic oxygen 

• Charged partical environment in mid-altitude orbits 
| - Possible effect on UV degradation 


I Suggested In-Space Experiment 

Contamination, U-V and Charged Particle Induced Solar Array Effects 


Concerns Unresolved degradation of solar arrays due to space 

UV/charged particle radiation effects; Unresolved UV/charge 
particle degradation on advanced cell types. 


Objectives Establish design criteria for UV/charge particle radiation 
effects on contamination; Establish design criteria for 
UV/charged particle radiation effects on advanced cell types. 


Variables Orbit charged particle environment, contamination type and 
amount, solar cell type/configuration, solar array components 
other than solar cells (covers, adhesives, etc.) 


Approach Test articles flown would be designed to test for UV, 

radiation and contaminant degradation. Various thickness of 
coverglass would be used to factor radiation, etc. Entire l-V 
curves would be measured periodically. 
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Suggested In-Space Experiment 

Plasma Induced Solar Array Effects 

Concerns Degradation of solar cells/solar arrays due to the plasma 
environment. 

Objectives Establish design criteria for advanced array designs 
operating in plasma environments. 

Variables Orbit/plasma environment, solar array operating voltage, 
solar cell type/configuration, solar array components other 
than solar cells (covers, adhesives, insulators, etc.), solar 
array layout. 

Approach Test articles to be flown would be designed to include as 
many advanced concepts as practical. 
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NEEDED RESEARCH FOCUS TOPICS 
• SOLAR PHOTOVOLTAIC CELL? 

-METAL/SEMI-CONDUCTOR/INSULATOR INTERFACE PHENOMENA 
-QUANTIUM WELLS/GRADED BAND GAP DEVICES/SUPER LATTICE 
-DEGREDATION MECHANISMS 
-MULTISTIMULUS SPACE EFFECTS 


-FAILURE MECHANISMS 

-ELECTRODE PHENOMENA 

-OPERATION IN RADIATION ENVIRONMENT 

-VACUUM OPERATION 

-SAFETY ISSUES 

-OPERATION IN O "g" 

TEMS 


-INTEGRATION OF AI/EXPERT SYSTEM INTO POWER/THERMAL 
MANAGEMENT 

-EFFECTS OF ENVIRONMENT INDUCED SYSTEM ERRORS 
-VOTING LOGIC IN Af 
-SELF HEALING COMPONENTS 
-FAULT MANAGEMENT TECHNIQUES 
-ADVANCED DIAGNOSTIC SUITES/NEW SENSORS 
DISTRIBUTION SYSTEM/ENVIRONMENTAL INTERACTIONS-EFFECTS & 
LIMITS 

-POWER (V-l CHARACTER! STICS)/THERMAL MANAGEMENT TRADE OFF 
IMPLICATIONS 




MATERIALS 

-NEW CLASSES OPTIMIZED FOR LONG TERM SPACE EXPOSURE 
-DETAILED UNDERSTANDING OF MATERIALS RESPONSE 
-SELF HEALING MATERIALS/COATINGS 
-CONTAMINATION MECHANISMS 




•POWER/PLATFORM/ENVIRONMENT SVNERGISM 
-LONG TERM EVOLUTION OF LOCAL ENVIRONMENT 
-LIMITS IMPOSED ON POWER SYSTEM PARAMETER SPACE 

SIMULATION 

-THEORY a MODELING 
-ADVANCED MULTISTIMULUS FACILITIES 
-ACCELERATED AGING METHODOLOGY 
-BENCHMARK SPACE EXPERIMENTS 
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IN-SPACE EXPERIMENTAL NEEDS 


Dynamics of high 
current arcs in 0 "g” 


0 ”g” liquid/solid 
phase change 
dynamics. 


Gas switch operation. 
Fault management. 


Thermal energy storage. 


Spatial and temporal Surface flashover. 
evolution of space 

debris. Corona discharges. 


Effects of 0 "g” on switch stability/ 
reliability. 

Control of arc faults in contaminated 
space environments. 


Two phase component separation. 
Effects on thermal conductivity. 


insulation degredation debris 
migration In electrical/magnetic 
fields. 


ACCURATE CHARACTERIZATION OF SPACE ENVIRONMENT & ITS 
EVOLUTION 

VERIFY SIMULATION & MODELING OF SPACE ENVIRONMENT 

ACCURATE DETERMINATION OF PLATFORM ROLE IN LONG TERM 
EVOLUTION OF LOCAL SPACE ENVIRONMENT 

BENCHMARK EXPOSURE (LDEF) TO DETERMINE ADEQUACY OF 
SIMULATION OF LONG TERM EXPOSURE 


EXPOSURE 


ELECTRICAL CHARACTERIZATION OF SPACE ENVIRONMENT 
LONG TERM CONTROLLABLE MICROGRAVITY LABORATORY 


CRITICAL TECHNOLOGIES 


1. HIGH EFFICIENCY SOLAR CELL TECHNOLOGY 

2. HIGH ENERGY DENSITY ENERGY STORAGE SYSTEMS 

3. NEW MATERIALS TECHNOLOGY SPECIFICALLY OPTIMIZED 

FOR LONG TERM SPACE APPLICATIONS 

4. ADVANCED DIAGNOSTIC TECHNIQUES EMPLOYING AI/EXPERT 

SYSTEMS 

5. FAULT TOLERANT POWER SYSTEMS 

6. MULTISTIMULUS SPACE SIMULATION FACILITIES 

7. HIGH EFFICIENCY THERMAL MANAGEMENT TECHNOLOGY 


8. HIGH EFFICIENCY HIGH TEMPERATURE ELECTRONICS 
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Dr.TomMahefkey 

Air Force Wright Aeronautical Labs, Aerospace Power Division 


PRELIMINARY REMARK 



THERE ARE SIGNIFICANT DIFFERENCES AMONG SPONSORING AGENCIES 
RELATED TO MISSIONS, GOALS, OBJECTIVES, POLICIES, AND ATTITUDES.. 

THERE IS THUS NO SINGLE OVERALL GOVERNMENT VIEWPOINT RELATED 
TO TECHNOLOGY NEEDS, R&D PRIORITIES, INVESTMENT STRATEGIES, 

AND PROGRAMMATIC POUCIES 

THIS PRESENTATION ADRESSES ONLY THE MISSION IMPLIED TECHNOLOGY 
NEEDS AND LIKELY "NAnONAL" DIRECTION IN SPACECRAFT THERMAL 
MANAGEMENT R&D 


E NATIONS SPACE MISSION SET 


A INTERPLANETARY/DEEP SPACE SCIENCE PLATFORMS, MANNED MISSIONS 
A EARTH RESOURCES/NEAR EARTH SCIENCE PLATFORMS 
A COMMUNICATIONS 

A SPACE STATION....SCIENCE PLATFORM, SPACE MAN'F, LAUNCH PLATFORM 

A LUNAR BASE 

ANASP 


A NAVIGATION, METEOROLOGY.... 

A SURVEILLANCE, EARLY WARNING.... 
A COMMUNICATIONS 
A DEFENSE FROM SPACE (SDI).... 

A NASP, HLLV, ALS 



• MILITARY MISSIONS ALL NEAR EARTH 

• MILITARY MISSIONS MUST BE SURVIVABLE 

• OPERATING ORBITS, MASS TO ORBIT 

• MANNED VS. UNMANNED 

• SPACE MAINTAINABLE VS. AUTONOMOUS 
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POWER SYSTEMS & THERMAL MANAGEMENT 

3.3 Thermal Management 

Government View: Spacecraft Thermal Management Requirements & Technology Needs 

Dr. Tom Mahefkey 

Air Force Wright Aeronautical Labs, Aerospace Power Division 


NASA/DOD THERMAL MANAGEMENT NEEDS CONTRASTED 


□ HEAT AQUISITION 
• 10-100K 


300-400K 


600-2000K 


□ HEAT TRANSPORT 


□ HEAT REJECTION 


NASA 

V IR SENSORS 

V PROPELLANT DEPOT, DELIVERY 


V MANNED HABITAT ECS 

V PAYLOAD ELECTRONICS COOLING 

V THERMAL BUS DISTRIBUTED LOADS 


V ENERGY CONVERSION DEVICE COOLING 
SOLAR DYNAMIC, SP-100 REACTOR 

V SPACE MANUFACTURING PROCESS HEAT 

V LEO MAINTAINABLE ALLOWED 

V COST VS. MASS TO-ORBIT DRIVEN 

V PRIMARILY CLOSED CYCLE. STEADY STATE 
>/ TO 100 kW/IOOM REGIME 

V MICRO G ENVIRONMENT 


V SPACE ERECTIBLE RADIATORS 

V LEO. INTERPLANETARY, LUNAR NATURAL 
ENVIRONMENT SURVIVABILITY 


POD 

V SIMILAR SENSORS 

V CRYO-COOLED DEW LOADS 

V HIGHER POWER. LOWER ALLOWABLE AT 

V PRIMARILY UNMANNED 

V LONG LIFE ELECTRONICS DENSER 
PACKAGING. HIGHER FLUXES 

V DISCRETE AND DISTRIBUTED LOADS 

V BOTH BASELOAD AND BURST POWER 
COOLING 


V AUTONOMY, LONG UNATTENDED LIFE 

V MASS-TO ORBIT VS. COST DRIVEN 

V BOTH OPEN/CLOSED CYCLE, HIGH 
PEAK TO AVERAGE PROFILES 

V TO 100MW-100M REGIME 

V MACRO G ENVIRONMENT 

V DEPLOYABLE 

V LEO GEO ORBIT, NATURAL AND 
MILITARY THREAT ENVIRONMENT 


COMMON NASA/DOD R&D NEEDS- TWO-PHASE HEAT TRANSPORT 


□ HIGH TRANSPORT CAPACITY HEAT PIPES....CRYOGENIC THROUGH LIQUID METAL 
TEMPERATURE REGIMES...SCALING VALIDTTY FOR CAPILLARY LOOPS, SUBCOOLING 
SIMILARITY DEMONSTRATION 

a STEADY STATE HEAT TRANSFER - EXPERIMENTAL DATA ON CO-CURRENT, 

COUNTER CURRENT HEAT AND MASS TRANSFER.. AUGMENTATION EFFECTIVENESS 

□ UNSTEADY HEAT TRANSFER - FROZEN AND SUPERCRITICAL START UP-MICRO TO 
MACRO "G” INFLUENCES ON PRIMING, DEPRIMING-VOIO FORMATION IN T.E.S. 
FREEZING/MELTING... 

□ MASS TRANSFER - HEAT PUMP LUBRICANT/REFRIGERANT SEPARATION, LIQUID 
REACTANT DELIVERY, VAPOR VENTING SEPARATION 

D MICRO/MACRO ”G M FLOW STABILITY REGIMES - GAS COOLED REACTOR 
START-UP, EXPANDABLE VOLUME RADIAT ORS— TRANSIENT AND PERIODIC 
CRYO-COOLED LOAD COOLING—VIBRATIONALLY INDUCED INSTABILITY 
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3.3 Thermal Management 


Government View: Spacecraft Thermal Management Requirements & Technology Needs 

Dr. Tom Mahefkey 

Air Force Wright Aeronautical Labs, Aerospace Power Division 


SUMMARY 


□ THERE ARE SIGNIFICANT DIFFERENCES IN THE APPLICATIONS AND 
OPERATING REGIMES OF THERMAL MANAGEMENT TECHNOLOGIES FOR 
MILITARY AND CIVILIAN MISSIONS.... 

□ THE BASIC TECHNOLOGIES/TECHNICAL DISCIPLINES ARE THE SAME...THE 
SPECIFIC MISSION NEEDS NECESSITATE CHARACTERIZING THE 
TECHNOLOGY OVER WIDER REGIMES OF PERFORMANCE... 

D MILITARY MISSIONS ARE MORE STRONGLY DRIVEN BY PERFORMANCE, LIFE, 
AND RELIABILITY 

□ THE NEED FOR MICRO/MACRO "G M IN-SPACE PERFORMANCE VERIFACATION 
EXISTS FOR BOTH MILITARY AND CIVILIAN MISSIONS...SPECTRUM OF 
NEEDS RANGE FROM FUNDAMENTAL PHENOMENA CHARACTERIZATION 

VTO FLIGHT - READINESS VERIFACATION 
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Thermal Management: An Industry Viewpoint 

Theme 3 of 8 

— 

Ted J. Kramer 

Boeing Aerospace, Thermal/Fluid/Mechanical Systems 



In-Space Experimentation Needs/Voids 

• Two-phase heat transfer 

• Two-phase flow 

• Heat pipes 

• Liquid metal 

• Unusual geometry/size 

• Cryogenic 

• Two-phase fluid storage/reservoir 

• Thermal storage 

• Capillary loops 

• Two-phase loops 

• Zero "g" and short term accelerations 

• New facilities 

• Multi-use 

• Well-defined interfaces 

• Industry and academia inputs 

• Two-phase fluid (NH3) test bed 

• Cryogenic test bed 

• High-temperature test bed 

• Long term operation and exposure test bed 
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3.3 Thermal Management 

Thermal Management Issues in Advanced Space Misstons: University Viewpoint 

Prof. Larry C. White 

University of Houston, Department of Mechanical Engineering 


INTRODUCTION 

• Thermal Management Required for: 

- Inhabitants (Knvironment) 

Spacecraft Systems 

- On Board Experiments 

• Thermal Management Includes: 

Ileal Acquisition and Transport 
Heat Rejection 

- System Integration 

• Single Phase Loops and Systems Suitable for Small Vehicles 

• Two Phase Thermal Loops Are Capable of: 

- Higher Transport Capabilities 

- Constant Temperature Performance 

• Problems Inherent in Two Phase Systems 

- Working Fluids 

Vapor and Condensate Removal 

- Liquid Vapor Interfacial Behavior 

- Phase Distribution 


• Problems Inherent in Heat Rejection Systems 
Radiating Area per Unit Weight 
Contact Resistance 
- Thermal Storage 
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IN-SPACE EXPERIMENTATION: NEEDS/VOIDS 

• Heal Acquisition and Transport, General 


- Fundamental Physical Measurements beading to 
Q and aP Correlations (data limited lo drop lower 
and aircraft trajectories) 

- Flow Rales 
Temperatures 

- Pressure (Drops) 

Heat Transfer Rates 
Quality (Void Fraction) 

Configuration 

- Photographic Observations (data limited to aircraft trajectories) 

Flow Patterns/Phase Distribution 
Intcrfacial Dynamics 
Secondary Flows 

• Heat Acquisition and Transport, Specific Components 
(Complete Data Void for Almost All of These Components) 

- Tube Farms 
Condensers 

Capillary Pumped 
Shear Flow 

- Evaporators 

Swirl Flow 
Monogroove 
Pumping Systems 

Rotary Fluid Management Devices (Pilot Pump) 
l.oad/Flow Control Strategies 
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Thermal Management Issues in Advanced Space Missions: University Viewpoint 

Prof. Larry C. White 

University of Houston, Department of Mechanical Engineering 


SUMMARY /RECOMMENDATIONS 


NEAR TERM RECOMMENDATION 


• Develop a Comprehensive In Space Test Program Tor 
Behavior of Mulli Phase Fluids 


• Perform as much Preliminary Work as Possible in Karlh 
l.abs, Centrifuges. Drop Towers, and Aircraft 


LONG TERM RECOMMENDATIONS 


• Testing of Advanced Radiators 

• In Space Testing of Ileal Pumps 


• Testing of Thermal Storage Systems 
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Power Systems & Thermal Management Critical Technology Requirements 

Roy McIntosh 


NASA Goddard Space Flight Center 


CONVENTIONAL POWER SYSTEMS 


VOTES* 

1. ADVANCED ENERGY STORAGE 

243 

2. ADVANCED P.V. CELL TECHNOLOGY 

200 

3. PRIMARY & REGEN. FUEL CELLS 

197 

4. THERMAL ENERGY STORAGE 

162 

5. CONTAMIN ATION/U V & CHARGED PARTICLE P.V. EFFECTS 

155 

6. PRIMARY/SECONDARY BATTERIES 

154 

7. HIGH VOLTAGE/HIGH POWER SYSTEMS 

146 

8. HIGH PERFORMANCE ARRYS 

142 

9. HIGH DENSITY POWER SYSTEMS 

141 

10. HIGH POWER ARRAYS 

138 

• Technology issues were ranked from 1 to 10, with the most important 

receiving 10 votes, the next 9 votes, etc. 


THERMAL MANAGEMENT 



VOTES * 

1 TWO PHASE HEAT TRANSFER 

328 

2. HEAT PIPES (LIQUID METAL CYRO) 

250 

3. CAPILLARY LOOPS 

225 

4. TWO PHASE FLOW & STABILITY 

219 

5. VOID BEHAVIOR FLIGHT TEST 

201 

6. HEAT PUMPS 

185 

7. TWO PHASE AMMONIA TEST BED 

182 

8. THERMAL STORAGE 

152 

9. CYROGENIC TEST BED 

139 

10. ADVANCED RADIATORS 

136 

• Technology issues were ranked from 1 to 10, with the most important 

receiving 10 votes, the next 9 votes, etc. 
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Power Systems & Thermal Management Critical Technology Requirements 


Roy McIntosh 

NASA Goddard Space Flight Center 


CRITICAL TECHNOLOGIES 

DYNAMIC AND NUCLEAR POWER SYSTEMS 


1 TWO COMPONENT FLOW AND PHASE CHANGE 

• He GAS NUCLEATION, SEPARATION AND COLLECTION 

• FREEZE/THAW (SYSTEMS) 

• KINETICS OF VOID FORMATION AND DISTRIBUTION BEHAVIOR 
2. ADVANCED CONVERSION 

• HIGH EFFICIENCY PASSIVE CONVERSION (AMTEC, HYTEC) 

• DYNAMIC CONVERSION VALIDATION (STIRLING, BRAYTON) 


CRITICAL TECHNOLOGIES 

CONVENTIONAL POWER SYSTEMS 


1. MICRO GRAVITY EFFECTS ON ADVANCED ELECTROCHEMICAL 
CONVERSION/STORAGE 

• REGENERATIVE FUEL CELLS 

• CELLS/BATTERIES 

2. ADVANCED PHOTOVOLTAIC TECHNOLOGY 

• ENVIRONMENTAL EFFECTS (CELLS/CELL ASSEMBLIES) 

SPACECRAFT INDUCED ENVIRONMENT 
NATURAL ENVIRONMENT 
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Background and Objectives 

Theme Organization and Purpose 


Lym M, Anderson 

NASA Lewis Research Center 


ORGANIZATION 


THEME LEADER: LYNN M. ANDERSON, LeRC 

COMMITTEE: EARL E. VANLANDINGHAM, OAST/RP 

WALTER F. BROOKS, ARC 
WILBERT ELLIS, JSC 
E. JOHN ROSCHKE, JPL 
KARL A. FAYMON, LeRC 
JOHN M. KRAMER, MSFC 
PLUS SUB THEME SPEAKERS 

SUB THEMES: 1. ON ORBT FLUID MANAGEMENT 

2. PROPULSION 

3. FLUID PHYSICS 


THEME SESSION OBJECTIVES 

P URPOSE 

• Identify and prioritize in space technologies for fluid 

management and propulsions systems by considering 
subtheme details which 

• are critical for future U.S. space programs. 

• require development and in space validation. 

• Generate comments and suggestions from aerospace 

community on OAST IN STEP plans. 

PRODUCT 

• Priority listing of critical space technology needs and 

associated space flight experiments, recommended by 
aerospace community. 
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Fluid Management Technology 


John C. Aydetott 

NASA Lewis Research Center 


CRYOGENIC FLUID MANAGEMENT TECHNOLOGY ROADMAP 

• EXAMINE FUTURE MISSIONS TO ESTABLISH NEEDS 

- EARTH-TO ORBIT TRANSPORT OF CRYOGENS 

- IN-SPACE STORAGE AND SUPPLY (DEPOT) 

- FUELING OF SPACE-BASED TRANSFER VEHICLES 

- EXPERIMENT AND SATELLITE COOLANT RESUPPLY 

- HANDLING OF REACTANTS. COOLANTS. AND PROPELLANTS 
ON SPACE DEFENSE INITIATIVE SPACECRAFT 

• CATEGORIZE TECHNOLOGY AND IDENTIFY IN-SPACE 
EXPERIMENTATION REQUIREMENTS 

- LIQUID STORAGE (THERMAL AND PRESSURE CONTROL) 

- LIQUID SUPPLY (PRESSURIZE. ACQUIRE. AND SUBCOOL) 

- LIQUID TRANSFER 

- FLUID HANDLING 

- INSTRUMENTATION 

- STRUCTURES AND MATERIALS 


CRYOGENIC FLUID MANAGEMENT TECHNOLOGY REQUIREMENTS 

LIQUID STORAGE - THERMAL CONTROL SYSTEM PERFORMANCE 

• EFFECT OF LAUNCH ENVIRONMENT ON THICK MULTILAYER INSULATION 

• LONG TERM SPACE ENVIRONMENT EFFECTS ON INSULATION 
(DEORTS, MI CROMETEROIDS AND ATOMIC OXYGEN) 

• COMBINER EARTH/ORDIT INSULATION 

• COOLING ENHANCEMENT PROVIDED BY PARA-TO-ORTHO CONVERSION 

• MULT I PEE / COUPLED VAPOR COOLED SHIELDS 

LIQUID STORAGE - PRESSURE CONTROL 

• THERMODYNAMIC VENT SYSTEM PERFORMANCE 

• FLUID MIXING FOR STRATIFICATION CONTROL 

• REFfllGFRATTON/L IQUEFACTION SYSTEM DEMONSTRATION 
(INCLUDING CONDENSATE COLLECTION) 


Italicized items must he addressed via flight experiments, 

I m we v u£. s nme information can he obtained via ground based experimen t s 
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Fluid Management Technology 

John C. Aydelott 

NASA Lewis Research Center 


Theme 4 of 8 


CRYOGENIC FLUID MANAGEMENT TECHNOLOGY REQUIREMENTS 

LIQUID SUPPLY - PRESSURIZATION SYSTEM PERFORMANCE 

• AUTOGENOUS (INCLUDING PARA/ORTHO COMPOSITION) 

• HE L I UM 

• MECHANICAL (PUMPS/COMPRESSORS) 

LIQUID SUPPLY - FLUID ACQUISITION/SUBCOOLING 

• FINE MESH SCREEN LIQUID ACQUISITION DEVICE (LAD) 
EXPULSION EFFICIENCY 

• REORIENTATION S OUTFLOH VIA IMPULSIVE ACCELERATION 

• REORIENTATION S OUTFLOH UNDER CONSTANT LOH GRAVITY 

CONDITIONS 

• THERMAL EFFECTS ON LAD PERFORMANCE 

• THERMAL SUDCOOLING OF LIQUID OUTFLOW 

LIQUID TRANSFER 

• TRANSFER LINE CHILL DOHN 

• TANK CHILL DOHN HITH SPRAY 

• NO-VENT FILL 

• LIQUID ACQUISITION DEVICE (LAD) FILL 

• LOH-GRA VITY VENTED FILL 

FLUID HANDLING 

• LIQUID DYNAMICS/SLOSH CONTROL 

• FLUID DUMPING/TANK VENTING AND INERTING 

• FARTH-TO-OnniT TRANSPORT AS SURCOOLFD LIQUID OR 
LIQUID/SOLID MIXTURE (SLUSH) 

ADVANCED INSTRUMENTATION 

• QUANTITY CAGING 

• MASS FLOW/QUALITY METERING 

• LEAK DETECTION 

• LIQUID/VAPOR SENSORS 

TANK STRUCTURES AND MATERIALS 

• COMPOSITE (LIGHT WEIGHT) VACUUM JACKET 

• LOW THERMAL CONDUCTIVITY COMPONENTS 

• LOW PRESSURE TANKAGE 

• CONTAMINATION/DEGRADATION OF LIQUID ACQUISITION DEVICE 


Italicized items must he addressed via flight experiments, 
however, some information can be obtained via ground based experiments 
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Cryogenic Fluid Management Technology 


John R. Schuster 

General Dynamics, Space Systems Division 


BACKGROUND 


TRANSPO RTATION MISSIONS 

• Interim Space Transler Vehicle (STV) 

• Space-Based STV 

• Orbital Propellant Depot 

• Lunar Base 

• Piloted Mars Expedition 
5YMEMJ£V£LQPLR_RQLES 

• Design/Fabrication 

• Engineering Data Base Development 

• Performance Modeling 

• Environmental Validation 

• System Validation 


PQSSIB1EPAIE5 

1996 

2001 

2001 

2005 

2003-2008 

DEVELOPMENT CHALLENGES 

• Achieve Adequate Risk Reduction 

• Contend with Constraints 

- Available Testing Environments 

- Schedule 

- Budget 

- Institutional Considerations 


OBSERVATIONS 

• BOTTOM LINE IS RISK REDUCTION 

- Testing and validation methods must be affordable 

- Test results must be timely to support development schedules 

• UNIVERSAL PROBLEM 

- Mission planners awed by development challenges 

• Feasibility evaluations become prolonged 

• IOC dates slip 

- Missions too weakly supported to exert technology pull 

• Technology development is slowed 

• Technology development requires long-term commitment 

• In-space testing can be expensive 

. MISSION PLANNERS AND TECHNOLOGISTS NEED TO GET IN STEP 

- Link technology development to program milestones 

- Begin technology development early 

- Achieve synergism 

• Programs will "pull" technology 

• Technology advances will "push" programs 
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Cryogenic Fluid Management Technology 





John R. Schuster 






General Dynamics, Space Systems Division 




TECHNOLOGY 

NEEDS 







MISSION _CRJT1CAUTY 



Technology Category 

SpaceBesed 

STY 

Resupply Tanker Mars-Expedmon H 

* I iquid Storage 

Interim STY 


Orbits! Begot 


Lunar Base 








- Thermal Control Systems 








* Degradation of Material 

• Effect of Launch Env. 


Enhance 

Entrance 



Entrance 

Enable 

on Ruck Mt 1 

Enablo 

Enable 

Enable 

Enhance 

E nable 

Enable 

• Combined Foam/Ml 1 Sys 

Enhance 



Enhance 


* Para/Ortho Conversion 



E nhanco 



Enhance 

E nhance 

• MuMiple/Coupled VCS 
- Pressure Control Systems 



Enhance 



Enhance 

Enable 

* TVS Performance 

Enhance 

Enhance 

Enable 

Enhance 


Enable 

• Fluid Mixing for 







Stratification Control 

f nhance 

Enhance 

E nable 

Enhance 


Enable 

• Ftefrigeration/neliquefaction 



Enhance 



Entrance 

Enable ? 

• Liquid Supply 







- Pressurization System Per! 








• Autogenous 

T nhanco 

Enable 

Enable 

Enhance 

Enable 

Enable 

* Helium 

Enable 






• Mech. { Pumps/Comp ) 



Enhance 

Enhance 

F nhance 

F nhance 

j - Fluid Acquisition 







• Fine Mesh Screen LAD 








Performance 


Enhance ? 

Enable 

L nable 


Enable 

* Fluid Settling & Outflow 







under Low G Conditions 

Enhance 

Entrance 

Enhance 

Enhance 


Enhance 

• Fluid Settling & Outflow 







under Impulsive Accel 

E nhance 

Enhance 


Enhance 


Enhance 
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LAD Performance 


Enhance 

Enhance 7 

Enhance 


Enhance 

* Thermal Subcooling of 







Liquid Out How 



Enhance 

Enhance 

Enhance 

Enhance 

• Liquid Transfer 







- Transfer tine Chilldown 


Enable 

Enable 

Enhance 

Enable 

Enable 

Tank Chilldown with Spray 


Enable 

Enhance 




Enhance 

- No-Vent Till 


Enable 

Friable 




Enhance 

t AD Fill 


Enhance ? 

Enhance 




Enhance 

- Low G Vented Fill 


Enhance 

Enhance 




Ehnance 

- Pump Assist 


Enhance 

Enhance 

Enhance 

Enhance 

Enhance 

• Fluid Handling 







l iquid Dynamic s^Stosh Control 

Enhance 

Enhance 

Enhance 

Enhance 


Enhance 

Fluid Dumping & Tank Inerting 


Enable 

Enable 

Enhance 


Enhance 

Farth-to Orbit Transport as 







Subcooted l iquid or Slush 

Enhance 

Enhance 

Enhance 

Enhance 


Enhance 

* Advanced Instrumentation 







Quantity Gauging 

L nhance 

Enhance 

Enable 




Enhance 

Mass Ftow/Ouality metering 



Enhance 



Enhance 

Enhance 

1 uak Detection 


Entrance 

f liable 



t nable 

Enable 

1 iquid /VajXM Sensors 

T nhance 

F liable 

i nable 

Fnhanco 

Enable 

Enable 

• Tank Structures & Materials 








1 ow Thermal Conductivity 








Components 

L nhance 

Enhance 

T nhance 

Enhance 

Enhance 


l ow Pressure Tankage 
Composite(l ight Weight) 

F nhanco 

Entrance 





Enhance 

Vacuum Jackets 

Enhance 



Enhance 



Conlamination/Degradalinn 








of l AD 

Enhance V 

Enhance 




Enhance 
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4.2 Propulsion 

Low Thrust Propulsion Space Experiments 
J.R. Stone 

NASA Hqs, Office of Aerospace Science & Technology — Propulsion, Power & Energy Division 


INTRODUCTION/BACKGROUND 

• THE NASA LOW THRUST PROPULSION PROGRAM 
PROVIDES THE TECHNOLOGY FOR ADVANCED 
ON-BOARD PROPULSION FOR FUTURE SPACE SYSTEMS: 

- SPACECRAFT 

- PLATFORMS 

- TRANSPORTATION VEHICLES 

| LOW THRUST PROPULSION TECHNOLOGIES 

- CHEMICAL: HYDROGEN/OXYGEN 

STORABLES 

- ELECTRIC: AUXILIARY 

PRIMARY 



| ORBIT TRANSFER 

- SATELLITE PLACEMENT/RETURN 

- LOGISTICS 
• STATIONKEEPING 

- DRAG & SOLAR PRESSURE 

- EPHEMERIS CONTROL 

IMPACT OF LOW THRUST PROPULSION TECHNOLOGY ADVANCEMENT 

| MASS SAVINGS FOR 

- SPACECRAFT 

- PLATFORMS 

- VEHICLES 
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Low Thrust Propulsion Space Experiments 


J.R. Stone 

NASA Hqs, Office of Aerospace Science & Technology — Propulsion, Power & Energy Division 


TECHNOLOGY NEEDS/QPPQRTUNIT1ES 

§ 1-kW CLASS, STORABLE PROPELLANT ARC JET FOR APPLICATIONS 
SUCH AS COMMUNICATIONS SATELLITE STATIONKEEPING 
— LONG LIFE 

- HIGH DEGREE OF COMMONALITY W. S-O-A SYSTEMS 

- MINIMAL IMPACT ON OTHER SPACECRAFT SYSTEMS/SUBSYSTEMS 

| MULTIPROPELLANT RESISTOJETS FOR SPACE STATION FREEDOM AND 
TENDED PLATFORMS 
— LONG LIFE 

- MINIMIZE LOGISTICS REQUIREMENTS 

- MINIMAL IMPACT ON OTHER SPACECRAFT SYSTEMS/SUBSYSTEMS 

| INTEGRATED AUXILIARY PROPULSION FOR LAUNCH & TRANSFER VEHICLES 

- SAVE MASS BY USING RESIDUAL PRIMARY PROPELLANTS 

- SIMPLIFY LOGISTICS (MINIMIZE NUMBER OF FLUIDS HANDLED) 

| HIGH POWER ELECTRIC PROPULSION FOR LUNAR/PLANETARY EXPLORATION 
W AND CARGO VEHICLES 

- VERY LONG LIFE, HIGH PERFORMANCE ION & MPD SYSTEMS 

- GROUND FACILITY (POWER/PUMPING/VACUUM) CAPABILITY TO 

PROVIDE ADEQUATE SPACE SIMULATION NOT ESTABLISHED 


IN-SPACE EXPERIMENTATION NEEDS/VQ IPS 

f ADDRESS CRITICAL CRITICAL CONCERNS OF POTENTIAL 
USERS OF ADVANCED PROPULSION TECHNOLOGY 

- PLUME CONTAMINATION AND PERFORMANCE IMPACTS 

(BOTH CHEMICAL AND ELECTRIC PROPULSION) 

- ELECTROMAGNETIC INTERFERENCE (CONDUTED AND 

RADIATED) 

- SPACECRAFT CHARGING 


• VALIDATE PERFORMANCE AND LIFE TEST RESULTS FROM 
GROUND SIMULATION FACILITIES 


| MINIMIZE RISK FOR POTENTIAL USERS BY PROVIDING INITIAL 
DEMONSTRATION OF ADVANCED TECHNOLOGY 
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J.R. Stone 


NASA Hqs, Office of Aerospace Science & Technology — Propulsion, Power & Energy Division 


SUMMARY/RECOMMENPATIONS 

| HIGHEST PRIORITY IS TO CONTINUE TO DEVELOP THE 
ARC JET FLIGHT TEST OPPORTUNITY ON A COMMERCIAL 
COMMUNICATIONS SATELLITE 

• VERIFY IN SPACE THE VALIDITY OF COMUTATIONAL 
PREDICTIONS AND GROUND-TEST ASSESSMENTS OF 
PLUME IMPACTS 


| VALIDATE THE ADEQUACY OF GROUND TEST FACILITIES 
FOR HIGH-POWER ELECTRIC PROPULSION TESTS 

| ASSESS THE MERIT OF DEVELOPING A TESTBED CAPABILITY 
FOR PROPULSION, PROBABLY AS A COMBINED FACILITY 
APPLICABLE TO OTHER ADVANCED TECHNOLOGIES, 

SUCH AS POWER 


L_ 
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Key Propulsion Technologies lor In-Space Experiments 


James H.Keley 

Jet Propulsion Laboratory 


INTRODUCTION / BACKGROUND 

• TWO KEY PROPULSION TECHNOLOGIES NEED FLIGHT DATA 

SOLAR ELECTRIC PROPULSION (SEP) 

- Xe ION IN PARTICULAR 
ROCKET EXHAUST PLUME TECHNOLOGY 

• BOTH TECHNOLOGIES WILL DRAMATICALLY AFFECT DESIGNS 

AND PLANNING FOR FUTURE SPACECRAFT AND MISSIONS 

• SEP WOULD BE WIDELY USED WERE IT NOT FOR: 

DEVELOPMENT COST / RISK 
UNKNOWNS REGARDING IN SPACE BEHAVIOR 
LACK OF FLIGHT EXPERIENCE 

• ROCKET EXHAUST PLUMES (ESPECIALLY BIPROPELLANT ACS 

THRUSTERS) CAN DEGRADE S/C PERFORMANCE THROUGH: 
FORCES AND MOMENTS 
HEATING 
CONTAMINATION 


TECHNOLOGY NEEDS 


O RELIABLE, VALIDATED, PREDICTIVE MODELS OF: 
CONTAMINANT GENERATION 
NOZZLE AND PLUME FLOW FIELDS 
PLUME / SURFACE INTERACTIONS 
CONTAMINANT PROPERTIES 

o present models are deficient 


KNOWN TO CONTAIN ERRONEOUS ASSUMPTIONS 
WHERE BASIC PHYSICAL UNDERSTANDING IS MISSING 
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Key Propulsion Technologies for In-Space Experiments 


James H. Kelley 

Jet Propulsion Laboratory 


TECHNOLOGY NEEDS 

° DEVELOPMENT AND INTEGRATION OF COMPLETE SEPS SYSTEM 
Xe ION ENGINE 
POWER PROCESSOR 
CONTROLER 

LIGHT WEIGHT SOLAR ARRAY 

° DEMONSTRATION OF PERFORMANCE AND LIFE 
S/C CHARGING ISSUES 
PLASMA EFFECTS ON SOLAR ARRAY 
ENGINE LIFE AND PERFORMANCE 

° DEVELOPMENT OF PREDICTIVE PLUME CAPABILITY REQUIRES 

IMPROVED UNDERSTANDING OF COMBUSTIION IN 
PULSED ROCKET ENGINES 

DEVELOPMENT OF NOZZLE FLOW FIELD CODES FOR 
FULLY TRANSIENT, VISCOUS, REACTING FLOWS 

DEVELOPMENT AND VALIDATION OF CODES TO 
PREDICT RAREFIED PLUME FLOW FIELDS 

o COLLECTION OF QUALITY EXPERIMENTAL DATA IS A 
FORMIDIBLE TASK 

IMPROVED DIAGNOSTICS NEEDED 
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IN-SPACE EXPERIMENTATION NEEDS / VOIDS 


° SEP-INDUCED PLASMA / SPACECRAFT INTERACTIONS CAN ONLY 
BE EVALUATED IN SPACE 

SPACECRAFT CHARGING EFFECTS 


PLASMA-INDUCED LEAKAGE CURRENTS ON SOLAR 
ARRAY 


° SERT FLIGHT TESTS OF MERCURY ION ENGINES IN THE 1960s 
REVEALED THAT ENGINE LIFE CAN BE LIMITED BY 
MECHANISMS UNIQUE TO SPACE (i.e., ZERO G) 

IN-SPACE DEMONSTRATION REQUIRED TO PROVIDE 
ACCEPTABLE RISK FOR USERS OF SEP! 


o GROUND-BASED TESTS CAN NOT SIMULATE THE EXPANSION OF 
A ROCKET EXHAUST PLUME INTO A SPACE ENVIRONMENT 

PLUME DENSITIES AS LOW AS 10 MOLECULES/CC ARE 
OF INTEREST 

DENSITY OF BACKGROUND IN THE BEST SPACE SIMULATORS 
IS MORE THAN 10 ORDERS OF MAGNITUDE TOO HIGH 


° CONTAMINANT (i.e., DROPLET) GENERATION AND TRANSPORT 
IS ALTERED BY GRAVITY IN GROUND TESTS 


° DATA COLLECTED IN SPACE TO DATE MONITORS CONTAMINATION 
BUT DOES NOT: 

UNIQUELY IDENTIFY SOURCE 

ADEQUATELY CHARACTERIZE CONTAMINANT PROPERTIES 

ALLOW DETERMINATION OF WHAT PROBLEMS EXIST IN 
PREDICTIVE METHODS, e.g.; 

INCORRECT MODEL OF CONTAMINANT GENERATION? 

INCORRECT MODEL OF RAREFIED FLOW FIELD? 

INADEQUATE MODEL OF SURFACE INTERACTIONS? 
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In-Space Technology Experiments in Propulsion: The Role of Universities 


Charles L Meride 

Distinguished Alumni Professor, Pennsylvania State University, Mechanical Engineering 


INTRODUCTION / BACKGROUND 


• UNIVERSITY PARTICIPATION IN SPACE EXPERIMENTATION REQUIRES 
INNOVATION 


• TRADITIONAL UNIVERSITY RESEARCH ROLES NOT EFFECTIVE IN SPACE 
EXPERIMENTATION 


• LEAD TIMES FOR SPACE EXPERIMENTS CAN EXCEED STUDENT DEGREE 
PROGRAMS 


• COMPLEXITY OF SPACE EXPERIMENTATION REQUIRES GROUP 
PARTICIPATION 


• IMPORTANT TO GET FACULTY ATTENTION/ COMMITMENT TO 
INTERDISCIPLINARY RESEARCH 


TECHNOLOGY ISSUES 


• PROPULSION PERTAINS TO ALL SPACE MISSIONS 


• DIVERSE MISSION REQUIREMENTS DEFINE NEED FOR BROAD RANGE 
OF PROPULSION SYSTEMS 

Sizes - Concepts - Capabilities 


• BOTH PROPULSION AND SPACE EXPERIMENTATION ARE STRONGLY 
MULTIDISCIPLINARY 


• EMPHASIS ON SAFETY/PACKAGING/INTEGRATION REQUIRES DIVERSE 
EXPERTISE BEYOND SPECIFIC EXPERIMENT 


* IN-SPACE' EXPERIMENTATION REQUIRES LONG LEAD TIMES 
May Exceed Degree Lengths 
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ATTRIBUTES OF UNIVERSITIES FOR IN-STEP 
f PRIMARY SOURCE OF NEW TALENT TO NASA/INDUSTRY 
t POTENTIAL UNIVERSITY CONTRIBUTIONS INCLUDE: 

- Get Graduates Aware/Interested in Space Experimentation 

- Impact Curricula to Provide Graduates With Proper 
Background 

- Bring Expertise of Faculty to Bear on Fundamental 
Problems 

- Provide Direct Input in Terms of Research Findings 

• UNIVERSITY RESEARCH HAS HISTORICALLY FOCUSSED ON: 

- Independent Researchers 

- Simple Experiments 

- Providing In-Depth Understanding From Detailed 
Measurements 

• IN-STEP REQUIRES: 

- Group Participation 
Single Shot Experiments 

- In-Depth Understanding from Limited Information 


SUMMARY / RECOMMENDATIONS 


• UNIVERSITIES MUST FUNCTION AS SUB-ELEMENTS OF NASA/INDUSTRY 
GROUPS 


• TRADITIONAL ROLE OF FACULTY AS INDEPENDENT INVESTIGATORS 
MUST BE MODIFIED 


• ATTEMPTS SHOULD BE MADE TO KEEP FACULTY INVOLVED IN SIMPLE, 
FUNDAMENTAL EXPERIMENTS 


• IMPORTANT TO INVOLVE UNIVERSITIES TO IMPACT GRADUATES ' 
AWARENESS, INTEREST, AND EXPERTISE 


• IN-SPACE ROLE OF STUDENTS/FACULTY IS EXPECTED DOWNSTREAM 


• FACULTY/UNIVERSITIES NEED ENCOURAGEMENT TO PARTICIPATE IN 
INTERDISCIPLINARY PROGRAMS 



ENHANCE THE FUNDAMENTAL UNDERSTANDING OF FLUID BEHAVIOR AND DYNAMICS 
IN A REDUCED GRAVITY ENVIRONMENT TO ENABLE THE DEVELOPMENT OF ADVANCED 
SPACE SYSTEMS. 

PROCESS 



SYSTEMATIC AND STRUCTURED PROGRAM OF CONDUCTING LOW-GRAVITY FLUIDS 
EXPERIMENTS GUIDED BY THEORETICAL ANALYSES AND NUMERICAL SIMULATION 
TO PROGRESSIVELY BUILD UNDERSTANDING AND DATA BASES 


• EXTENSIVE LOW-GRAVITY FLUID RESEARCH PROGRAM DURING 1960'S AND EARLY 1970'S 

• RANGE OF CRITICAL FLUID MANAGEMENT ISSUES/PROBLEMS IDENTIFIED AND ADDRESSED 

- FOCUSED MISSION/SYSTEM DRIVEN RESEARCH 

- DEPTH OF BASIC UNDERSTANDING UMITED TO SPECIFIC GOALS SET FOR EACH 
MISSION 

• CRITICAL ENABLING FLUID MANAGEMENT FUNCTIONS IN SPACE ACCOMPLISHED 

• LOW-GRAVITY FLUIDS RESEARCH IN LATE 1970'S AND EARLY 1980‘S AT MAINTENANCE LEVEL 

- CRYOGENIC FLUIDS PROGRAMS 

- PHYSICS AND CHEMISTRY EXPERIMENTS PROGRAM (PACE) 

• RENEWED INTEREST WITH NEW MISSION DRIVERS 

- MANY OF THE SAME OLD PROBLEMS 

- NEW SPECIFIC PROBLEMS BUT SAME BASIC FLUID PROCESSES 

STATUS 

PREDICTIVE MODELS FOR LOW<5RAVITY FLUID BEHAVIOR AND PROCESSES ARE INADEQUATE. 
INACCURATE, AND POTENTIALLY MISLEADING 
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GENERAL PLANNING MODEL 


FLUID 

MANAGEMENT 

NEED 

? 


GRAVITY 

EFFECTS 

? 


MATURITY 

OF 

UNDERSTANDING 

7 


MlSSiONJmiYEfia 


CU owl h j 

S pace Sfallonj 

Spec* Based 

pr am sport allot 

I Lunar Oulposlj 

/Baa* I 


ADVANCED 

SYSTE MS 


Dynamic Power 
Chemical Energy 
Nuclear Power 
Llfo Sup poll 
01V 

Cryo-Dopot 

Spacecraft Systems 

Space/Lunar Rased 
Processing 

Instrumentation 

Cooling 


TECHNOLOGY 

element 


Thermal Energy Storage 

Condensers 

Boilers 

Phase Separators 
Fluid Storage/Supply 
Radiators 
Thermal Loops 
Materials Processing 


FLUID PROCESSES/ 


Interlace/Caplllary 

Phenomena 

Multiphase Flow 

Multicomponent/ 
Coupled Transport 

Phase Change 
Processes 


REFERENCE 
EXPERIMENT SEIS 


Hydrostatic Interface 
Configurations 

Interface Stability 
and Dynamics 

Oubble/Droplet 

Dynamics 

Multiphase Flow 
Regimes 

Thermal/Solutal 
Convection 

Pool/Flow Bolling 

Condensation/ 

Evaporation 

Solid! I lea Hon/ 

Meltin g 


ESTABLISH AND VERIFY ANALYTICAL/NUMERICAL MODELS TO PREDICT: 

THE BULK LIQUID LOCATION AND ThI CONFIGURATION OF THE EQUILIBRIUM LIQUID-GAS INTERFACE AS A FUNCTION 
OF FLUID PROPERTIES, VESSEL GEOMETRY AND SIZE, GRAVITY LEVEL, AND SYSTEM INITIAL CONDITIONS 

INTERFACE STABILITY A ND DYNAMICS 

THE RESPONSE Of A REDUCED-GRAVITY LIQUID-VAPOR INTERFACE TO MECHANICAL AND THERMAL DISTURBANCES 
AND ITS EFFECTS ON BULK LIQUID MOTION 

BUBBLE/DRQPLET DYNAMICS 

THE BUOYANCY AND/OR THERMALLY DRIVEN MOTION OF SINGLE BUBBLE/ DROPLET UNDER REDUCED GRAVITY 
CONDITIONS AND THE INTERACTIONSBETWEEN MULTIPLE BUBBLES/DROPLETS INCLUDING COALESCENCE/BREAKUP 


THE FLOW REGIME PATTERNS & CHARACTERISTICS GENERATED BY THE FORCED ADIABATIC FLOW OF LIQUID-VAPOR 
OR IMMISCIBLE LIQUID MIXTURES THROUGH CONDUITS AND FITTINGS AS A FUNCTION OF FLUIDPHOPERTIES, FLOW RATES, 
CONDUIT/FITTING GEOMETRY AND SIZE, AND GRAVITY LEVEL 

THE HEAT AND MASS TRANSFER GENERATED BY BUOYANCY DRIVEN FLOWS RESULTING FROM THERMAL AND/OR 
CONCENTRATION GRADIENTS UNDER REDUCED GRAVITY CONDITIONS. 

PQQL/FLOW BOILING 

THE ONSET OF NUCLEATE BOILING AND SUBSEQUENT BUBBLE DYNAMICS AS A FUNCTION OF SYSTEM SATURATION 
SUBCOOUNG, HEAT FLUX, FLU© PROPERTIES, HEATER GEOMETRY, AND GRAVITY LEVEL FOR BOTH STAGNANT AND 
LIQUID FLOW CONDITIONS. 

CQMGE ^^ONOT^^^^ONDENSATIOWEVAPORATION OF LIQUID AT LIQUID-VAPOR INTERFACES AND ITS EFFECTS ON 
INTERFACE STABILITY/OYNAMICS UNDER LOW-GRAVITY CONDITIONS FOR BOTH STAGNANT AND VAPOR FLOW 
CONDITIONS 

SOLIDIFICATIQN/MELTING 

THE DYNAMIC BEHAVIOR OF THE SOLID-FLUID FRONT DURING SOLIDIFICATION AND/OR MELTING UNDER LOW-GRAVITY 
CONDITIONS WITH SPECIAL. EMPHASIS ON VOID FORMATION AND DYNAMICS DUE TO VOLUME CHANGES 
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IN-SPACE EXPERIMENT DESIGN OPTIONS 

• ALL EXPERIMENT REFERENCE SET OBJECTIVES CAN BE ACHIEVED THROUGH 
TWO APPROACH OPTIONS 

- SEVERAL (>7) SPECIALIZED SETS OF EXPERIMENT 
HARDWARE WITH LIMITED COMPLEXITY/CAPABILITIES 

- TWO OR THREE SETS OF FACILITY CLASS HARDWARE 

• CHOICE OF APPROACH DICTATED BY 

- MANIFEST OPPORTUNITIES 

- BASIC IN-STEP PHILOSOPHIES ON PROGRAM STRUCTURE 

(E.G., INDIVIDUAL EXPERIMENTER PROVIDED HARDWARE VS NASA 
FURNISHED HARDWARE FOR EXPERIMENT TEAMS) 

- EXISTENCE OF CRITICAL TIMELINE FOR DATA ACQUISITION 


ONE POSSIBLE SPACE FACILITY APPROACH 


• INITIALLY IMPLEMENT ADIABATIC MULTIPHASE 
FLOW CLOSED-LOOP SYSTEM 

- SINGLE LIQUID-GAS PAIR 

- STRAIGHT CONDUIT TEST SECTION 

- LIMITED DIAGNOSTICS 

• FIRST ADD CAPABILITIES FOR 

- ISOLATED TEST SECTION WITH HEATERS 
FOR POOL BOILING EXPERIMENT 

• MULTIPLE LIQUID-GAS PAIRS 

- INCREASED DIAGNOSTICS 

• NEXT ADD CAPABILITIES FOR 

- FLOW BOILING EXPERIMENTS 

- FLOW THROUGH FITTINGS 

- INCREASED DIAGNOSTICS 

• NEXT ADD CAPABILITIES FOR 

- FLOW CONDENSATION EXPERIMENTS 

- MULTIPLE BUBBLE/DROP COALESCENCE 8. MIGRATION EXPERIMENTS 
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Low-G Interface Configurations, Stability and Dynamics 


Franklin T. Dodge 

Southwest Research Institute 


BACKGROUND AND GENERAL OBSERVATIONS 

Interface configurations, stability, and dynamics have a prominent effect 
on spacecraft design and operations. 

1. Progress in predictive methods (CFD codes) is hampered by lack of 
understanding of free-surface physics in low gravity (e.g., contact line 
motion). 

2. Interface motions in many cases interact with other systems. 

3. For cryogens, interface motions can affect heat transfer, 
vaporization, and other thermal effects. 

This discussion will focus on: 

• Identifying important liquid processes 

• technology needed to solve the problems 

• required in-space experimentation 

• problems caused by lack of predictive understanding 

Discussion will use examples of satellites and OTV. 


EXAMPLE: Orbiting Satellite 

Fluid Process: Interface Configuration 

Problem: Since interface locations are unknown, 

'propellant management devices* are 
used to insure gas-free liquid. This inceases 
weight/complexity and decreases reliability. 

Technology Need. Predict interface location as a function of tank 
geometry, fluid properties, tank surface properties, fill level, gravity 
vector, and history of satellite operations. Disturbance 

Fluid Process Interface stability - what disturbance 
level (satellite motion) will cause an 
interface to re-locate 

Problem: PMD’s are used to circumvent the 

problem. Complexity and weight increase, and 
reliability decreases. 

Technology Need: Accurate prediction of the required acceleration 
needed to de-stabilize an interface 
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ORBITING SATELLITE (conVd) 


Fluid Process, interface Dynamics 
Problem: Maneuvering sets the liquid in 
motion; this feeds back disturbances. The 
maneuver is degraded (Peacekeeper, space 
telescope, SDI systems, comm, satellites) 

Technology Need: Surface tension and contact line dynamics control 
the liquid motion. Physics of the motion is not understood 
Motions may not be small. Need to predict motions as a function 
of tank shape, liquid properties, tank surface properties, fill level, 
and spacecraft motion. (Current CFD codes are of limited use 
because of poor surface physics.) 


EXAMPLE: Spin Stabilized Satellite 


Fluid Process: Liquid configuration and motion 
in a tank spinning about an axis outside the 
tank, when surface tension is important. 

Problem: Liquid motions and viscous dissipation 
can not be predicted. Spacecraft design 
is thus very conservative or even 
abandoned in favor of non-spinners. 

Technology Need . Liquid motions do not resemble non-spinning 
motions (e g., a free-surface is not necessary). No good theory 
exists. Ground-based tests are of limited value. Need to predict 
motions and energy dissipation and the influence of surface physics. 



Processing 
Spin Axis 


Spacecraft Motion 
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The Case for Two-Phase Gas-Liquid Flow Experiments In Space 

A.EDukler 

University of Houston, Chemical Engineering Department 


TWO PHASE FLOW SPACE EXPERIMENTS WHICH ARE NEEDED 


APPROACH: 

• PHYSICAL AND MATHEMATICAL MODELLING IS UNDERTAKEN TO IDFNTIFY THE 
FUNDAMENTAL PROCESSES CONTROLLING THE PHENOMENA 

•SPACE EXPERIMENTS ARE DESIGNED TO TEST THESE UNDERLYING PREMISES BUT 
NOT TO OBTAIN EMPIRICAL CORRELATIONS 

•MODELS ARE MODIFIED BASED ON THE PHYSICAL INSIGHTS OBTAINED FROM THF 
EXPTS. SUBSEQUENT RUNS IN SPACE UNDER DIFFERENT FLOW CONDITIONS 
FLUID PROPERTIES OR GEOMETRY ARE USED TO TEST THE GENERALITY OF THE 
MODE!. 

SOME EXPERIMENTAL SYSTEMS: 

A. THE ISOTHERMAL LOOP TOR MACRO MEASUREMENTS 

THIS SYSTEM IS TO BE DESIGNED TO FLOW GAS/LIQUID PAIRS OVER A 
WIDE RANGE OF RATES IN SEVERAL LINE DIAMETERS, INSTRUMENTFD TO MFASURF 
FLOW PATTERN, TIME VARYING PRESSURE GRADIENT, CROSSKCTIONAL AVERAGE ' 
VOIDS AND LOCAL FILM THICKNESS DURING ANNULAR FLOW. MUST BE SUITABLE 
FOR SEVERAL DIFFERENT FLUIDS TO STUDY THE EFFECT OF FI U1D PROPERTIFS ' 
LOW PRESSURE SYSTEM. RELATIVELY SIMPLE INSTRUMENTATION AND DATa" ‘ 
ACQUISITION SYSTEM. 


B THE ISOTHERMAL LOOP FOR MICRO MEASUREMENTS 

A CLOSED LOOP EQUIPPED WITH A LASER VELOCIMETER SYSTEM AND 
INSTRUMENTATION TO MEASURE BUBBLE AND DROP SIZE AND VELOCITY . 
INSTRUMENTATION IS MORE COMPLEX AND SOME DEVELOPMENT WILL BE 
NECESSARY TO ADAPT EXISTING INSTRUMENTS FOR SPACE. 

C. BOILING/CONDENSATION LOOP 

A CLOSED LOOP SYSTEM TO PERMIT THE STUDY OF TWO PHASE FLOW IN 
CONDITIONS OF CONDENSATION AND BOILING. THIS WILL INCLUDE LOCAL IIEATX 
FLUX PROBES AS WELL AS PROBES FOR MACROSCOPIC TWO PHASE FLOW 
MEASUREMENTS. 


NEEDED EMPHASIS: 

EXPERIMENTS MUST BE DESIGNED AND EQUIPMENT INSTRUMENTED TO REVEAL 
UNDERLYING MECHANISM OF THE FLOW. OBTAINING DATA FOLLOWED BY EMPIRICAL 
CORRELA TION WILL BE OF LIMI TED USEFULNESS. 
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PROPOSED ROADMAP 



SB OTV 
DFPOT 
LUNAR 
MARS 


OAST IN-SPACE TECHNOLOGY PROGRAM PHASES 


PROGRAM DEVELOPMENT 


PROJECT MANAGEMENT 


/Technology concept 

/ REVIEW 


FLIGHT EXPERIMENT 
REVIEW 



TECHNOLOGY THEME 
WORKING GROUPS 


CRITICAL FLIGHT 

EXPERIMENT 

ROADMAPS 

AO PREPARATION 


Technical 

/requirements 


HARDWARE 

IDEAS 


PRELIMINARY 
PROJECT PLAN 


ENGINEERING 

REQUIREMENTS 

DEFINED 

FEASIBILITY 

ESTABLISHED 


HARDWARE 

CONCEPTUAL 

DESIGN 

PHASE 0 

SAFETY PACKAGE 


FLIGHT HARDWARE 
DESIGN, FABRICATE, 
INTEGRATION, A TEST 

OPERATIONS 


DATA ANALYSIS 
& REPORT 


PROJECT PLAN 
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ON-ORBIT FLUID MANAGEMENT THEME ELEMENT 

POTENTIAL THRUSTS: 


PROVIDE ENHANCING TECHNOLOGY FOR SPACE STATION FREEDOM 
ORBITAL MANEUVERING VEHICLE, INTERIM STV, CO-ORBITING 
PLATFORM, AND COLD- SAT 


AND LOB 


PROVIDE ENABLING TECHNOLOGY FOR OHBITAL DEPOT, 
RESUPPLY TANKER, LUNAR BASE, MARS EXPEDITION 


CRmCAL TECHNOLOGIES 

- LIQUID STORAGE 

- LIQUID SUPPLY 

- LIQUID TRANSFER 

- FLUID HANOLING 

- INSTRUMENTATION 


REPRESENTATIVE PROJECTS 


AUDIENCE PRIORITIES 

1. FLU® TRANSFER 

2. MASS GAUGING 

3. TVS /MIXING 

LAD PERFORMANCE 

FLU® DUMPING / TANK INERTING 

4. LIQUID DYNAMICS / SLOSH 

5. AUTOGENOUS PRESSURIZATION 
LONG TERM STORAGE 


LIQUID NITROGEN STORAGE & SUPPLY EXPT 

STORAGE PROPELLANT RESUPPLY 

TANK SLOSH DYNAMICS & LIQ. REORIENTATION 


) 


DEVT 

SPEEDY DEFN A DEVT 


BEPJBESENT AT I Y E PROJECTS 

• LIQUID NITROGEN STORAGE AND SUPPLY EXPERIMENT 

- ENHANCE ABILITY TO PROVIDE CRYO HEAT SINK FOR SPACE STATION 

EXPERIMENTS AND LAB FREEZER OPERATION FOR SPECIMEN PRESERVATION 
REDUCE ANNUAL LIFE SUPPORT SYSTEM RESUPPLY TANKAGE WEIGHT 
TRANSPORTED TO STATION SUPPORT DEVELOPMENT OF ISTV AND COLD SAT 


CARGO EXPT 
LN, STORAGE DEWAR 
PASSIVE TVS. MIXER 
LIQUID ACQUISITION DEVICE 


• STORAGE A SUPPLY IN LOW GRAVITY 

• VENT TANK A DUMP OVERBOARD 

• N a A HE PRESSURANTS 

• GAGING INSTRUMENTATION 


STORABLE PROPELLANT RESUPPLY EXPERIMENT 

- ENHANCE ABILITY FOR ON-ORBIT SERVICING OF OMV AND CO-ORBITING 
PLATFORM. SUPPORT OTHER BI-PROP USERS AND DEVELOPMENT OF 
COLD SAT. 


CARGO ON MIDDECK EXPT 

REFEREE FLUID 

FILL STORABLE PROP. TANK 


LAD PERFORMANCE A FILL 
TANK VENTING 
MASS GAUGING 


TANK SLOSH DYNAMICS AND LIQUID REORIENTATION 

- ENHANCE OMV AND ISTV PERFORMANCE BY INCREASING DYNAMIC 

STABILITY. PROPELLANT UTILIZATION. REDUCE REQUIRED DESIGN MARGINS 


MIDDECK EXPERIMENT 
REFEREE FLUID 


MULTIPLE TANKS (SIZE, SHAPE) 

SLOSH A REORIENT UNDER IMPOSED LOW G 
VIDEO 


J 
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CRITICAL IN-SPACE 
TECHNOLOGY NEEDS 


EFFECT OF LAUNCH ENVIRONMENT ON THICK MUl TLAYVER 
INSULATION 

LON<i TERM SPACE ENVIRONMENI EFFECTS ON INSULATION 
(HE BEL IS. MICFTOMETE ROIU5 AND ATOMIC OXYGEN) 

COMBINED EAR TEVORBIT WSULMION 

COOLING ENHANCEMENT PROVIDED BY PAHA TO ORTHO 

CONVERSION 

MUl TPl E/COOPl E D VAPOR COOI ED StHElDS 
THERMODYNAMIC VENT SYSTEM PERFORMANCE 
FLLHU MIXING FOR S1RATIFICATION CONTROL 
RE FFUGETTAT IONA CUE FACTION SYSTEM DEMONSTRATION 
(INCtUDNG CONDENSATE COLLECIION) 

AUTOGENOUS (INCl IX) INC PAftAXXTTHO COMPOSITION) 
PRESSURIZATION SYSTEM 
HELIUM SUPPlYiPRESSURIZATION 
MECHANICAL TRANSFFR (PUMPS/COMPRESSORS) 

FINE MESH SCREEN l IOUD ACQUISITION DE VICE (l AD) 
EXPULSION EFFICIENCY 

REORIENTATION 4> OUTFLOW VIA IMPULSIVE ACCEl E flA T K)N 
REORIENTATION i OUTFLOW UNDER CONSTANT LOW GRAVITY 
CONDITIONS 

THERMAL EFFECTS ON LAD PERF( XIMANCE 
THERMAE SUBCOOI INGOf 1 (QUID OUTFLOW 


IN SPACE EXPEFUMENTATION NEEDED 


T nANST E R l INE « *H DOWN 
TANK Cl III DOWN WITH SPRAY 
NO VENTFIL 

LIQUID ACQUISITION DEVICE (LAD) FILE 

LOW GHAVITY VENTED FILL 

LIQUID DYNAMIC S/SI OSH CONTROL 

FLUID DUMPINGTTANK VENTWG AND INERTING 

EARTH TO ORBIT TRANSPORT AS SUBCOOLED LIQUID OR 

UUUUVSOt IO MIXTURE (SL USH) 

QUANTITY GAGING 
MASS FI OW/OUALITY METERWG 
I EAK DETECTION (IN SPACE TESTING REQUIRE MINT 
CONCEPT SPECIFIC) 

I KTUIWAPOH SENSORS 
COMPOSIT (LIGHT WEIGHT) VACUUM JACKET 
LOW THERMAL CONDUCTIVITY COMPONENTS 
LOW PRESSURE TANKAGE 

CON lAMWATlONOE GRADATION OF LIQUID ACQUISITION 
DEVICE 


l N, RESUPPLY $YSIEM DEMONSTRATION (SYSTEM 
DEMO ADDRESSES SEVERAL TECHNOLOGY NEEDS) 
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FLUID PHYSICS THEME ELEMENT 


POTE NTIAL THRUST: 

ENHANCE FUNDAMENTAL UNDERSTANDING OF FLUID BEHAVIOR/DYNAMICS IN 
REDUCED GRAVITY TO ESTABLISH RELIABLE PREDICTIVE MODELS & DATA BASES FOR 
ADVANCED SYSTEMS DEVELOPMENT 

ANO / OR 

INITIATE DEFINITION & PRECURSOR FLIGHT EXPTS FOR SPACE STATION FLUID 
PHYSICS FACILITY (1997 IOC, 1992 CUP) 


1. ISOTHERMAL MULTIPHASE FLOW 

1. LIQUID-VAPOR INTERFACES 

2. POOL/FLOW BOILING 

2. CONDENSATION /EVAPORATION 

3. ADVANCING LIQUID FRONTS 

3. BUBBLE /DROPLET DYNAMICS 


TYPICALLY : 

UNIVERSITY PI 

HARDWARE DEVT CONTRACT 
FACILITY OPTIONS 
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CRITICAL IN-SPACE 
TECHNOLOGY NEEDS 


o HYDROSTATIC #ff EW ACE CONFIG URATTONS 

- THE BULK LIQUID LOCATION A CONFIGURATION OF EQUILIBRIUM 
LIQUID-GAS BITERFACE AS A FUNCTION Of FLUID PROPERTIES, 
VESSEL GEOMETRY 4 SIZE, GRAVITY LEVEL. A SYSTEM INITIAL 
CONDITIONS 

o INTERFACE ST ABM FTY A DYNAMICS 

RESPONSE OF A LOW-G LIQUID VAPOR INTERFACE TO MECH 
ANICAL A THERMAL DISTURBANCES A ITS EFFECT ON BULK 
LIQUID MOTION 

o BUBBLE DROPLET DYNAMICS 

Tiff BUOYANCY AND/OR THERMALLY DRIVFN MOTION OT 
SINGLE BUBBI E/DROPIET UNOFR LOW G CONDITIONS A INTFR 
ACTIONS BETWEEN MULTIPLE BUBBI ESJDROPLFTS INCLUDING 
C OA L ESCEWCE/BRE AKUP 
O MULTIPHASE rtOW REGIMES 

TLOW REGIME PATTERNS A CHARACTERISTICS CFNFRATFO BY 
TOflCFD ADIABATIC FLOW OF LIQUID VAPOn OR IMMISCIBLE 
l lOOtn MIXTURES THRU CONDUITS A FITTINGS A3 A TUNC I ION 
OF FLUID PROPERTIES, TLOW RA1 ES, CONOUITff ITTING GEOM 
f TRY A SIZE, AND GRAVITY LEVEL 
• THERMAL /SOU/TAl CONVECTION 

HEAT A MASS TRANSFER GENERATED BY BUOYANCY DRIVEN 
FLOWS RESULTING FROM TTIFRMAI A/OR CONCENTRATION 
GRADIENTS UNDER REDUCED GRAVITY CONDITIONS 
e POOLVFLOW BCHUNG 

ONSET OF NUCLEATE BOR BAG A 5UBSFOUFNT BUBBLE 
DYNAMICS AS A FUNCTION Of SY5TFM SATURATION. HEAT 
FLUX, FLUID PROPFRTIES, HFATFR GEOMETRY. A G -LEVEL FOR 
BOTH STAGNANT A LKHHD FLOW CONDITIONS 
b CONDFNSATIONffVAPORATION 

- CONDITIONS FOR CONDFNSATTON/FVAPORA DON Of LIOIHO- 
VAPOR INTERT ACES ADS EFFFCIS ON INTERFACE STARR fJVt 
DYNAMICS UNDER L OW C CONDITIONS FOR BOTH STAGNANT A 
VAPOR FLOWCONOniONS 


o SOI lOPTCATION/MELTING 

DYNAMIC BFHAVIOR OF THE SOLID FLUID FRONT DURING 
sonraricATioN a;or mei ting under low g conditions 
WITH SPECIAL FMPHASrs ON VOIO FORMATION A DYNAMICS 
DUE TO VOL UMF CHANGES 

o SHAPE A STABI! 1TY OF LIOUIO VAPOR INTERFACE A THE LOCA f !ON 
OF THE BULK LIQUID VOLUME IN A TANK IN REDUCED GRAVI l Y 
AS FUNCTIONS Or TANK GFOMETRY. FLUin PROPERTIES TANK 
SURFACE PROPERTIES. LIOUIO FILL L EVEL. ANO G-I EVEL 

» EFFECTS OF SURFACE TENSION ON LIOUID MOTION IN SHRINING 
TANKS 

o SURFACE PHYSICS FOR SURFACES IN MOTION AT THE SOI R>. 
l iamo VAPOR CONTACT I INF IN REDUCED GRAVITY 

D HEAT TRANSFER AT THE ONSET OF ROM IMG IN REDUCED GRAVl f t 
- DETERMINE BASIC SHAPF OF THE BOM ING CURVE 

• wsTiuBimoN or nuom rs gfnfratfd hy dispersion dfvk i s 

IN A TUnBUi FNT l IQUID TI OW AT STEADY RFOUCFD G I FVT I 

© rrrr cts of gravity on heat transfer for forced con 

VFCTIVE BOn MG, ESPECIAl l Y AT TRANSITION TO FILM 
non INC. AND BURNOUT 

8 FI UID MFCHANICS OF A HEAT TRANSFER TO A THIN UOU1D Fit M 
MOVING ALONG A SOLID SURFACE UNDER THE INFLUENCE OF 
INTFRFACIA! GAS SHEAR. INC) DOING THE STARH UY OF URN 
FILMS A THF PROCESS OF DROP FORMATION FROM THE INTER 
FACE AS A RESULT Or FLOW ACROSS THE LIOUIO SURF ACF 

© PRFSSUHE DROP A ITS TIME VARIATION FOR TWO PHASE SLUG 
FI OW IN REDUCED GRAVITY FOR STEADY UOW CONDITIONS 
OR DURING VARIATIONS M FLOW RATE A VARYING G LEVR S 

O SHAPE A RATE OF ADVANCE OF A HOUR) r RON T MOVING ALONG A 
SOI ID SURFACE WTKCH IS BFING THERM ALL Y OUENCHED IN 
REDUCEO GRAVITY 


GENERAL PLANNING MODEL 


ElUIO 

management 

NEED 

? 


MATURITY 

OE 

NOE n STANDING 


M5»QNDRIYEfl3 


I B paca StoUpof 
I Rm7] 


I ltMW Oulp*ll 
*•« 


ADVANCEO 

313IEM3 


Dynamic Powar 
Cbamlc*l Enargy 


Spacteian Sytltmt 


SpactJlunar Baiad 
PiocaYJlng 


IhllrumanltUon 

Cooling 


TECHNOLOGY FI UID PROCESSES/ REFERENCE 

EUMESI ! PtiEN QMEMA C AIIGCHfE 5 EXPERIMENT SETS 


ThamiaL Enargy SI or 


Phata Saparator* 
Fluid Sloraga/Suppiy 


Matfrtala Procaailng 


toiarlaca/Capfliary 

Phanomana 


MuMphata Flow 


MulUcomponanV ) 

Coupiad Transport } 


Phaaa Chang# 
Ptoc«iin 


Hydioaiaiic iniartac* 
Con figurations 


InLarlaca Stability 

and Dyn jfwfcf 


BubWarDroplal 

Dynamics 


I Tbarma l/Solutal 

Convcfion 


| PooWkjw Bolling 


j Solidification/ 
[MaHInj 
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EXAMPLE: OTV 

Fluid Process: Interface configuration and stability 
Problems; • gas- free liquid transfer 

• quantity-gaging - liquid location la unknown so 
elaborate, heavy, complex, and limited accuracy 
systems are used. 

Technology Need * Accurate prediction of interface location sot 

simple, reliable, accurate gaging system can be used. 


DOCKING IMPULSE 


Fluid Process: Interface dynamics 
and bulk liquid motion. 

Problem: Docking causes large 
Impulsive accelerations. The 
liquid undergoes gross motions 
which degrade control and 
Increase liquid transfer time. 

Technology Need: Validate method (CFD code) to predict large 

free-surface motions In low-g and the duration of such motions 



— 

W2M 


PROPULSION THEME ELEMENT 


DEFINITION & ENGINEERING DEVELOPMENT OF PROPULSION FLIGHT PROJECTS, 

- MAY BE BEYOND OUTREACH SCOPE DUE TO COST, CARRIER COMPLEXITY, MULTI- 
AGENCY SPONSORSHIP 




1. PLUME CHARACTERISTICS & IMPACT 


2. ELECTRIC PR0PLUS10N SPACE TEST 


3. MAN TENDED, MULTIDISCIPLINE SPACE TESTBED 
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ORGANIZATION 


THEME LEA DE R: ANTAL K BEJCZY, JPL 

COMMITT EE: THOMAS S. [TOLLMAN, MSFC 

HENRY LUM, ARC 
ALFRED J MEIN1EL, JR , LaRC 
CHARLES R PRICE, JSC 
LLOYD R PURVES, GSFC 
DOUGLAS A ROHN, LeRC 

JAMES P. JENKINS, NASA HQ, OAST/RC 
(EX OFFICIO) 


SUBTHEMES & 
THEME GROUPS: 


1. ROBOTICS 

2 TELEOPERATION 

3 ARTIFICIAL INTELLIGENCE 


THEME SESSION OBJECTIVES 


PURPOSE 

• IDENTIFY & PRIORITIZE IN SPACE TECHNOLOGIES FOR 
AUTOMATION & ROBOTICS, BY CONSIDERING SUBTHEME 
DETAILS, WHICH 

• • ARE CRITICAL FOR FUTURE U S. SPACE PROGRAMS 

• • REQUIRE DEVELOPMENT & IN SPACE VALIDATION 

• GENERATE COMMENTS AND SUGGESTIONS FROM AEROSPACE 
COMMUNITY ON OAST IN STEP PLANS 


PROD UCT 

• PRIORITY LISTING OF CRITICAL SPACE TECHNOLOGY NEEDS & 
ASSOCIATED SPACE FLIGHT EXPERIMENTS. RECOMMENDED BY 
AEROSPACE COMMUNITY 
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DESCRIPTION OF SUBTHEME 1: ROBOTICS 


TECHNOLOGY ELEM E NTS 

• ROBOT MECHANISMS AND ACTUATORS 

• ROBOT SENSING 

• ROBOT CONTROLS 

• ROBOT PROCESSING AND ITS ARCHITECTURE 

• ROBOT SYSTEM CONCEPTS AND DESIGNS 

INCLUDING REDUNDANCY IN ROBOTIC SYSTEMS, TOGETHER 
WITH RELIABILITY AND FAULT TOLERANCE REQUIREMENTS IN 
SPACE SYSTEMS 


SU BTHEME OB JECTIVES 

DFVn OP A VAI IDATED TECHNOI OGY BASI FOR AROVI 
ri L Ml NTS. TAKING INTO ACCOUNT SPACE APPLICATION 
AND SPACE ENVIRONMENTAL CONDITIONS AND MISSION 
CONSTRAINTS 

DESCRIPTION OF SUBTHEME 
2: TELEOPERATION 

TECHNOLOGY ELEMENTS 

• MULTI MODE OPERATOR INTERFACES TO TFLCROBOTS 

• INTELLIGENT DISPLAYS 

• HIERARCHICAL CONTROI /INFORMATION ARCHITECTURES 

• VISUAL PERCEPTION SYSTEMS 

• COMMUNICATION TIME DEI AY 

INCLUDING SUPERVISORY COMMAND LANGUAGES, TRADED/ 
SHARED MANUAL/COMPUTER CONTROLS AND THE USE OF 
EXPERT SYSTEMS BY HUMAN OPERA rORS 

SUBTH EME O BJECTIV ES 

DEVELOP A VALIDATED TECHNOLOGY BASE FOR EFFICIENT 
AND SAFE LJTIl IZATION OF HUMAN OPERATOR CAPABILITIES IN 
DIRECT OR SUPERVISORY CONTROL OF TEL EROBOTS, TAKING 
INTO ACCOUNT THE EFFECTS OT SPACE CONDITIONS 
(MICROGRAVITY, ETC) AND COMMUNICATION TIME DELAYS ON 
OPERATOR BEHAVIOR AND PERFORMANCE, AND Al SO 
CONSIDERING THE HANDLING OF SINGULAR OR UNEXPECTED 
TASKS 

DESCRIPTION OF SUBTHEME 3: ARTIFICIAL 
INTELLIGENCE 

TECHNOLOGY E LEMENTS 

• OPERATIONS AND CONTROL PLANNING/COORDINATION 

• PERFORMANCE MONITORING OF COMPLEX SYSTEMS 

• ERROR DETECTION AND RECOVERY 

• MULTI SENSOR DATA INTERPRETATION 

• OPERATOR INTERACTION WITH EXPERT SYSTEMS 

USING EXISTING AND EVOLVING CAPABILITIES OF ARTIFICIAL 
OR MACHINE INTELLIGENCE TECHNIQUES 


SUBTHEME OBJECTIVES 

DEVELOP A VALIDATED TECHNOI OGY BASE TOR INCREASED 
LEVEL OF INTELLIGENT AUTOMATION APPLICABLE TO SPACE 
MISSIONS AND OPERATIONS, INCLUDING TEl EROBOTIC MISSIONS 
AND OPERATIONS, TAKING INTO ACCOUNT SPACE OPERATIONS 
CONSTRAINTS 
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THEME SESSION AGENDA 

SPEAKERS i-PANEL 

1. A. MEINTEL, LaRC 

2. T. DEPKOVICH/J. SPOFFORD, MARTIN 
MARIETTA SPACE SYSTEMS 

3* PROFESSOR D. TESAR, UNIVERSITY 
OF TEXAS* AUSTIN 
PANEL: SUBTHEME SPEAKERS AND: 
PROCESSOR J . DUFFY, UNIV. OF 
FLORIDA; PROFESSOR G.SARIDIS, RPI t 
F. GARCIA, IBM; S. HARRIS, ODETICS. 


1 C PRTCF isr 

2. r! piers6n, general electric 

3. PROFESSOR T. SHERIDAN, HIT 
PANEL: SUB THEME SPEAKERS AND: L. 
3ENKTNS, JSC; PROFESSOR L. STARK, UC 
BFRKELEY; PROFESSOR J. STAUOHAHMER, 
UNIVERSITY OF FLORIDA. 


1. N. SL fWA/P. FRIEDLANO, ARC 

2. 0. ROSENBERG ISX, INC. 

3. PROF. R. CANNON, STANFORD UNIV. 
PANEL: SUBTHEME SPEAKERS AND: R. 
SIMPSON, DARPAr'J. DICKERSON, 
MCDONNEL -DOUGLAS SPACE DIV. 


THEME DISCUSSIONS 


• AFTER EACH SUBTHEME SESSION 

• OPEN 30 min DISCUSSION WITH AUDIENCE & THEME 
LEADER/SPEAKERS/PANEL 

- QUESTIONS & ANSWERS 

- IDENTIFICATION OF ADDITIONAL TECHNOLOGIES 
FROM AUDIENCE 

• AUDIENCE PRIORITIZATION OF CRITICAL TECHNOLOGIES 


• JOINT THE ME DISCUSSION, THURSDAY 8:30-10:45 A M. 

• DISCUSSION BETWEEN AUDIENCE & ALL THEME ELEMENT 
SPEAKERS 


9 45 A M 


45 A M 


SUBTHEME: ROBOTICS 

SPEAKER I (30 min) 
SPFAKEH 2 (30 min) 
SPEAKER 3 (30 min) 
DISCUSSION (30 min) 


1 00 P M I SUBTHEME: TELEOPERATION 

S PI AKFH 1 (30 min) 
SPEAKER ? (30 min) 
SPEAKER 3 (30 min) 

3 00 P M | DISCUSSION (30 min) 


3:15 P M | SUBTHEME: ARTIFICIAL 

INTELLIGENCE 

SPEAKER I (30 min) 
SPEAKFR 2 (30 min) 
SPEAKER 3 (30 min) 

5:15 P.M | DISCUSSION (30 min) 
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PRIORITIZATION CRITERIA 

(LISTED IN ORDER OF IMPORTANCE) 


1. CR ITIC AL EN ABLING TECHNOLO G IES 

• TECHNOLOGIES WHICH ARE CRITICAL FOR FUTURE U S 
SPACE MISSIONS 

2. COST REDUCTION TECHNOLOGIES 

• TECHNOLOGIES WHICH CAN DECREASE COSTS OR 
COMPLEXITY (e g., DEVELOPMENT, LIFE-CYCLE, 

OPERATIONS) 

3. BROAD APPLICATION TECHNOL O GIES 

• TECHNOLOGIES WHICH CAN IMPROVE OR ENHANCE A 
VARIETY OF SPACE MISSIONS 

4. REQUIRE IN-SPACE VALIDA TION 

• TECHNOLOGIES WHICH REQUIRE THE SPACE ENVIRONMENT 
OR MICRO-GRAVITY FOR VALIDATION OR 
EXPERIMENTATION 
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SUMMARY OF 

AUTOMATION & ROBOTICS THEME FROM 
1985 WILLIAMSBURG, VA, IN-SPACE RT&E WORKSHOP 


QUOTED FROM WORKSHOP EXECUTIVE SUMMARY 


Quotes from the 1985 Williamsburg, Virginia, RT&E Workshop 

AUTOMATION AND ROBOTICS 

OBJECTIVES/CAPABILITIES 


o VALIDATE ROBOTIC IN-SPACE OPERATIONS CAPABILITY 

- DOCKING - 1980 

- SATFLLITF. SERVICING - 1990 

- S I HUCTURAL ASSEMBLY - 199? 

- IVA ASSISTANT - 1996 

- EVA ASSISTANT - 2000 

o EVOLVE ROBOTIC IN-SPACE OPERATIONS CAPABILITY 

- TELEPRESENCE - 1990 

- SUPERVISORY CONTROL - 1994 

- AUTONOMOUS OPERATIONS - 1998 


o SYSTEM AUTONOMY CAN BE DEMONSTRATED ON GROUND 


INSTEP Technology Themes 
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WHY IN-SPACE EXPERIMENTS 


o EVALUATE ZERO "G" VS. ONE "G" DYNAMICS FOR: 

- MECHANICAL CONFIGURATIONS 

- PROXIMITY OPERATIONS 

- FLUIDS, SOLIDS, GASES 


o DEVELOP DESIGN/OPERATIONAL DATA BASE 

o VALIDATE PROTO FLIGHT HARDWARE/SOFTWARE/ 
PROCESSES 

o EVALUATE MAN/MACHINE PERFORMANCE ON-ORBIT 
o EVALUATE GROUND MODELS/SIMULATIONS 
o EVALUATE LONG TERM SPACE EFFECTS ON SYSTEMS 


Quotes from the 1985 Williamsburg, Virginia, RT&E Workshop 


AUTOMATION AND ROBOTICS 

EXPERIMENT THRUSTS 


MOBILITY 


DEXTROUS MANIPULATION 


SUPERVISED/AUTONOMOUS 

ROBOTS 


ADVANCED CONCEPTS 


WORKSTATION EVALUATIONS 
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PRE-IOC 


IOC (92-97) 


FOC (97-BEYOND) 


• SINGLE ARM TELEOPERATOR 

• TELEOPERATION FROM EARTH 

• COMBINED TRANSLATION/ 
MANIPULATION 


• FIXED ON STATION RMS 


• END-EFFECTOR DEFINITION 


• MECHANICAL ASSEMBLY 

PROCESS 

• WORK STATION HW/SW/MM 
INTERFACES 

• SENSOR ACCOMMODATIONS 

• SPACE EFFECTS ON TELEOP. 
CAPABILITY 


• DUAL ARM TELEOPERATOR 
COORDINATION 

• TELEPRESENCE 


MULTI-ARM COORDINATION 


* AUTONOMOUS ROBOTICS 

• MULTIPLE ROBOT 
COORDINATION 


• MOBILE ON STATION RMS • FREE-FLYING AUTONOMOUS 

• TELEOPERATED FREE-FLYING PROXIMITY OPERATIONS 
OPERATIONS 


• FREE-FLYER AND DUAL-ARM * MULTIPLE ARM COLLISION 
COLLISION AVOIDANCE AVOIDANCE 


* CAD-DRIVEN POSITION 
REGISTRATION (ON S/S) 


• (EVOLVING) 


• (EVOLVING) 

• (EVOLVING) 

• (EVOLVING) 

• ZERO G MATERIALS 
HANDLING 


(EVOLVING) 


• (EVOLVING) 

• (EVOLVING) 

• (EVOLVING) 

• (EVOLVING) 


Quotes from the 1985 Williamsburg , Virginia, RT&E Workshop 


PRE-IOC 

• FAILURE DETECTION 

• FAILURE ISOLATION 

• FAULT TOLERANCE 

• ADVANCED AUTOMATION 
SOFTWARE ALGORITHMS 

• IMPROVED SATELLITE 
SERVICING TOOLS 


IOC (92-97) 


FOC (97-BEYOND) 


• FAULT TOLERANT (EVOLVING) # FAULT REPAIR (EVOLVING) 

* FAULT REPAIR 


• REAL TIME PLANNING 

• INDEPENDENT EXPERT 


• INTERACTIVE Al/EXPERT 
SYSTEMS 


* TELEOPERATOR SATELLITE * AUTONOMOUS SATELLITE 
SERVICING SERVICING A REPAIR BY 

ROBOTS 


ROBOTS REPAIR BY 
ROBOTS 


* ROBOTIC INSPECTION 
(SENSOR DEPENDENT) 

• WORKLOAD POWER CON 

SUMPTION E XPERI MENTS _ 

• ROBOTIC VISION AND IMAGERY • SPACE EFFECTS ON VISION 

OPTIM I ZATIO N SYSTEMS 

• AUTONOMOUS ORBIT TRANSFER 

• COMPLIANCE TECHNIQUES • (EVOLVING) 

• MASS MOVEMENTS STUDIES # MOMENTUM COORDINATION •(EVOLVING) 

• VOICE CONTROL/INTERACTION REVOLVING) REVOLVING) 


(EVOLVING) 
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AUTOMATION AND ROBOTICS 

EXPERIMENT LIST 


1994/6 


PROXIMITY MANEUVERING 
TELEOPERATED MANEUVERING (MMU) 
SMART FRONT END TECHNOLOGY 
SATELLITE SERVICING 
SUPERVISORY STRUCTURAL ASSEMBLY 
IVA ROBOT 

AUTONOMOUS SPACE ROBOT 


SPACE SPIDER 


CONTINUOUS WORKSTATION EVALUATION AND IN-SPACE WORKLOAD MEASUREMENTS 


Quotes from the 1985 Williamsburg, Virginia, RT&E Workshop 


AUTOMATION AND ROBOTICS 

ACCOMMODATION ISSUES 


o "ROBOT FRIENDLY" INTERFACES FOR SERVICING, ASSEMBLY, 
AND DOCKING 

o STANDARD UTILITIES REQUIRED FROM MOBILITY SYSTEMS 
(RMS, MRMS, OMV, OTV, ETC.) 

o SAFETY 

o COMPUTING POWER, DATA STORAGE, SYSTEM 
ARCHITECTURES 

o STANDARDS FOR END EFFECTORS, ARMS, HOLDERS, ETC. 
o MASS/VOLUME MODEST 
o ASTRONAUT TRAINING REQUIRED 
o FORMATION FLYING REQUIRED 
o EVA NECESSARY IN SOME CASES 
o IVA ACTIVITY REQUIRED 

o HIGH BANDWIDTH VIDEO/ENCRYPTION COMMUNICATIONS 
SYSTEM 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

Background and Objectives 

Subthemes: Robotics, Teleoperation, and Artificial Intelligence; Summary of Williamsburg Workshop f85) 

Antal K. Bejczy 

Jet Propulsion Laboratory 



o ACCELERATE EXPERIMENT SCHEDULE - IMPACT SPACE STATION 

o ACTIVE FOLLOW-UP TO EMBED TECHNOLOGY ACCOMMODATION 
ISSUES WITH SPACE STATION 

o ESTABLISHMENT OF IN-SPACE TECHNOLOGY ADVOCACY 
COMMITTEE 

o WORK WITH ULTIMATE USER GROUPS 

o ENCOURAGE USERS TO COME FORWARD 

o EXPLORE CREATIVE WAYS OF COST SHARING 

o DEVELOP AND DISSEMINATE SPACE STATION IN-SPACE 
RESEARCH CAPABILITY 

o BROADEN RESEARCH USER LIAISON WITH STATION 

o COORDINATE BETWEEN PANELS - DISTRIBUTE TO 
PARTICIPANTS 

o ESTABLISH CONTINUING MAIL LIST AND FOCAL POINTS 


Quotes from the 1985 Williamsburg , Virginia, RT&E Workshop 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


Theme 5 of 8 


AUTOMATION AND ROBOTICS 

5.1 Robotic Systems 

Robotics 


Theme 5 of 8 


AIMeintel 

NASA Langley Research Center 


INTRODUCTION/BACKGROUND 

o AUTOMATIC MACHINE 

SPECIAL PURPOSE MECHANISM 


o REPROGRAMMABLE MULTIFUNCTIONAL MACHINE 
INDUSTRIAL ROBOT 


o ADAPTIVE ROBOT 
SENSOR BASED 


o TELEROBOT 

SUPERVISED MACHINE 


o INTELLIGENT ROBOT 
GOAL DRIVEN 


MISSION APPLICATIONS 

O ASSEMBLY 
O INSPECTION 

O SERVICING 
O EXPERIMENTATION 
O MANUFACTURING 
O REPAIR 
O CONSTRUCTION 
O EXPLORATION 
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INSTEP88 Workshop 


OAST Technology For the Future 

INSTEP Technology Themes 

Part 2: Critical Technologies 



Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.1 Robotic Systems 


Robotics 


Al Mefntel 

NASA Langley Research Center 


SUMMARY/RECOMMENDATIONS 


O IN-SPACE EXPERIMENTS 
FLEXIBILITY 

DYNAMIC INTERACTIONS 
FLIGHT QUALIFIED HARDWARE 
MECHANISMS 
SENSORS 
COMPUTERS 
SYSTEM VALIDATION 


O STANDARDIZATION 


O EFFICIENT ROBOTIC PROGRAMMING 


O FAULT TOLERANCE/REDUNDANCY 


O TELEROBOTICS 
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TECHNOLOGY NEEDS 


• DEMONSTRATIONS PERFORMED OVER THE PAST SEVERAL YEARS HAVE SHOWN 
FEASIBILITY OF ALL MAJOR TECHNOLOGY ELEMENTS NECESSARY FOR ROBOTIC 
SERVICING PROGRAM 

• MAJOR SHORTFAU AT THIS TIME IS A LACK OF CONSENSUS ON MEANS OF SPECIFYING 
MANIPULATOR SYSTEM PERFORMANCE REQUIREMENTS AND VALIDATING SYSTEM 
PERFORMANCE 

• VIRTUALLY ALL CURRENT SPECIFICATIONS ARE STATIC; TO BE MEANINGFUL AND USEFUL, 
DYNAMIC SPECIFICATIONS ARE ALSO REQUIRED 

• SOLUTION IS ACHIEVED THROUGH THE UNDERSTANDING OF RELATIONSHIP BETWEEN TASK 
FUNCTIONAL DESCRIPTION AND MANIPULATOR CLOSED LOOP DYNAMIC IMPEDANCE 

• EQUIVALENT TO ASSIGNING UNITS ON DEXTERITY 

• THREE POTENTIAL APPROACHES TO ESTABLISHING THESE RELATIONSHIPS 
- ANALYTICAL (NOT LIKELY) 

_ SIMULATION (LIKELY WITH ADVANCED CAD/CAE) 

EMPIRICAL (BEST NEAR TERM SOLUTION) 



Theme 5 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

AUTOMATION AND ROBOTICS 

5.1 Robotic Systems 


Robotics 


INSTEP Technology Themes 


Theme 5 of 8 


T.M. Depkovich and J.R. Spofford 

Martin Marietta Corporation, Space Systems Company 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


• MAJORITY OF SPACE ISSUES CAN BE ANSWERED THROUGH GROUND BASED TESTING AND 
EXPERIMENTATION 

• SPACE BASED EXPERIMENTS SHOULD BE VIEWED AS FINAL LINK IN CHAIN OF VALIDATION 
STUDIES NECESSARY PRIOR TO HANDOVER TO OPERATIONAL COMMUNITY 

• DEDICATED EXPERIMENTAL TESTBED AVAILABLE TO RESEARCH COMMUNITY FOR GENERAL 
INVESTIGATIONS 

- MECHANISMS 

- SENSORS 

- CONTROL 
PROCESSING 
MMI 

• KEY INITIAL EXPERIMENTS 

CONTROL LAW VALIDATION 
COMPLIANT CONTROL 

- CONTROL WITH LARGE PAYLOADS 

- COORDINATION 
SUPERVISORY CONTROL 

- PERFORMANCE DATABASE FOR OPERATIONS ASSESSMENT 


SUMMARY/RECOMMENDATIONS 


• ROBOTIC TECHNOLOGY NOW READY TO ADVANCE TO MATURE TECHNOLOGY STATUS 

• THIS REQUIRES THE ABILITY TO UNAMBIGUOUSLY SPECIFY PERFORMANCE 
REQUIREMENTS; BOTH STATIC AND DYNAMIC 

• THIS ABILITY ESSENTIAL TO DESIGN AND VALIDATION PROCESS. AN IMPORTANT FACTOR 
IN ACHIEVING COST EFFICIENCY 

• CAPABILITY NOW EXISTS FOR EMPIRICAL DETERMINATION OF DYNAMIC REQUIREMENTS 

• EXPERIMENTAL TESTBED REQUIRED TO SUPPORT ADVANCED RESEARCH 

• KEY TO TESTBED SUCCESS IS FLEXIBILITY IN ACCEPTING NEW TECHNOLOGY 

- MECHANISMS 

- SENSORS 

- PROCESSING 

- ALGORITHMS 

- MMI 

• LAST STEP IS FINAL VALIDATION OF TECHNOLOGY 
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IMMEDIATE RESEARCH NEEDS 
FOR 

SPACE STATION ROBOTICS 


• ARCHITECTURE OF ROBOTICS SYSTEMS 

• UNIVERSAL MAN MACHINE INTERFACE FOR ROBOTIC MANIPULATOR 
SYSTEMS 

• CONTROL OF MULTIPLE ARM ROBOTIC SYSTEMS 

• ROBUST CONTROL OF FLEXIBLE ''CHERRY PICKER" ROBOTIC MANIPULATOR 

• REALTIME SYSTEM MODELING FOR MODEL REFERENCE ADAPTIVE CONTROL 


• METROLOGY FOR ROBOTIC SYSTEMS 




INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


Theme5of8 


AUTOMATION AND ROBOTICS 

5.2 Teleoperations 
Space Operations , Nowand Future 


Theme 5 of 8 


Charles R. Price 

NASA Johnson Space Center, Teleoperation Systems Branch 


INTRODUCTION/BACKGROUND 


• THE SPACE SHUTTLE DEPLOYMENT AND RETRIEVAL SYSTEM IS THE STATE OF THE ART 
FOR IN-SPACE TELEOPERATIONS 

• THE PDRS CONSISTS OF THE REMOTE MANIPULATOR SYSTEM AND ITS ANCILLARY 
EQUIPMENT MOUNTED ON THE SPACE SHUTTLE ORBITER 

• THE PDRS FUNCTIONALITIES ARE: 

- GRAPPLE, TRANSPORT, ORIENTATION, AND RELEASE OF A PAYLOAD 

- TRACK CAPTURE, GRAPPLE, TRANSPORT, ORIENTATION. AND BERTHING OF A SATELLITE 

- EVA CREW TRANSPORT, POSITIONING, ORIENTATION VIA GRAPPLED MOBILE FOOT 
RESTRAINT 

- LOCAL ILLUMINATION VIA RMS MOUNTED LIGHTS 

- DIRECTIONAL, AUGMENTED VIEWING VIA RMS MOUNTED CCTV 

- FREESTREAM EXPERIMENT SENSOR POSITIONING 

- POWER AND DATA INTERFACE SERVICES FOR PAYLOADS 

- RESOURCE FOR CREATIVE SOLUTIONS TO UNPLANNED PROBLEMS 


NEAR TERM FUTURE TELEOPERATOR APPLICATIONS 


• ON-ORBIT: 

- ORBITER BASED SPACE STATION ASSEMBLY 

- SPACE STATION BASED SPACE STATION ASSEMBLY 

- SATELLITE SERVICING 

• TERRESTRIAL SPACE APPLICATIONS: 

- KSC TURN AROUND OPERATIONAL COST REDUCTION APPLICATION, e g.: 

• TILE INSPECTION 

• PAYLOAD BAY INSPECTION 

- NSTS TURNAROUND COSTS ARE $250 MILLION/FLIGHT 

- SUCCESSFUL GROUND APPLICATIONS ENHANCE ON ORBIT APPLICATIONS 

LONGER TERM TELEOPERATOR APPLICATIONS 
(WITH TRENDS TOWARDS TELEROBOTICS) 

• EXPANDED ON ORBIT SERVICING OF SATELLITES 

• EXPANDED SHUTTLE TURNAROUND OPERATIONAL SUPPORT 

• ON ORBIT MAINTENANCE OF SPACE STATION 

• ON-ORBIT SERVICING OF PLATFORMS, INCLUDING HARVESTING OF PRODUCTS 

• ON-ORBIT ASSEMBLY OF LUNAR AND DEEP SPACE EXPLORATORY VEHICLES 

• REMOTE LUNAR MINING OPERATIONS 
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PERCEIVED VOIDS IN THE IN-SPACE EXPERIMENTS 
REGARDING TELEOPERATORS 


• ONORBIT: 

- DISPLAY OF COMPLEX (ASSEMBLY) WORKSPACE UNDER ORBITAL LIGHTING CONDITIONS 
TO CREW 

- COLLISION AVOIDANCE SENSING. CALCULATION, AND DISPLAY TO CREW 

- SINGLE WORKSTATION CONTROL OF 

• HIERARCHIAL SETS OF MANIPULATORS 

• PARALLEL SETS OF MANIPULATORS 

• TOTAL DEGREES OF FREEDOM EXCEEDING FIFTY OR MORE 

- DEMONSTRATION/VERIFICATION OF MATH MODELED CONSTRAINED MOTION AND 
CONTACT DYNAMICS 

- FAILURE DETECTION, ISOLATION, AND AUTOMATIC RECONFIGURATION OF A 
TELEOPERATOR SYSTEM 

- DISTRIBUTED, JOINT-LEVEL REPROGRAMMABLE MICROPROCESSING FOR AN 
OPERATIONALLY ADAPTIVE TELEOPERATOR 

• TERRESTRIAL RELATED: 

- FEEDFORWARD CONTROL FOR GROUND COMMAND OF ON ORBIT TELEOPERATOR 

- SHUTTLE TURNAROUND COST SAVINGS APPLICATIONS 




INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Criti cal Technologies 

Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.2 Teleoperations 

Space Operations , Nowand Future 

Charles R. Price 

NASA Johnson Space Center, Teleoperation Systems Branch 


SUMMARY/RECOMMENDATIONS 


• ASSEMBLY OF COMPLEX WORKPIECES IS THE MAJOR NEAR TERM 
TECHNOLOGY DRIVER FOR IN-SPACE TELEOPERATORS 

• IN-FLIGHT EXPERIMENTS SUPPORTING ASSEMBLY WILL ALSO APPLY TO 
SATELLITE SERVICING TELEOPERATION 

• RECOMMEND MORE EMPHASIS BE PLACED ON PRACTICAL COLLISION 
AVOIDANCE AND DISPLAY OF COMPLEX WORKSPACE TO CREW 
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TECHNOLOGY NEEDED IN HIERARCHICAL 
CONTROL/INFORMATION ARCHITECTURES 


• MERGE MANUAL/PROGRAMMED TASKS 

TASK SCRIPT AUTHORING TOOLS 

• ENABLE GROWTH TOWARD INCREASING AUTONOMY 

PLANNING/REPLANNING GIVEN INTERVENING HUMAN ACTIONS 

• IMPLEMENTATION IN FLIGHT QUALIFIED PROCESSORS 

- CONSTRAINTS IMPOSED BY PLATFORM DATA COMMUNICATIONS 

• SUPERVISORY COMMAND LANGUAGE 

PROBLEMS ASSOCIATED WITH HUMAN CONTROL OF 
SPACE MANIPULATORS 








LIMITED WORKSPACE VIEWS 

CAMERA POSITIONS FOR OBJECT GRASPING, HIDDEN SURFACES 
NEED STEREO OR MULTIPLE VIEWS FOR UNSTRUCTURED TASKS 
HUMAN INTERACTION WITH PLATFORM CONTROL DYNAMICS DURING TELEOPERATION 
AVOIDANCE OF MANIPULATOR SINGUL ARITIES 
DURING MANUAL CONTROL 

STARTING PROGRAMMED TRAJECTORIES AFTER MANUAL POSITIONING 
COLLISION AVOIDANCE 

ROBOT VERSUS WORKSPACE 
CARRIED OBJECT VERSUS WORKSPACE 


REHEARSAL 

GROUND AND IN FLIGHT 
CONTROL DYNAMICS 
MANIPULATOR STIFFNESS, STRENGTH 
TIME BETWEEN REHEARSAL AND ACTION 
MANY CONTROL PARAMETERS NEED TO BE SET 


WHEN UNPLANNED TASKS ARE TO BE PERFORMED 




- LIMITED COMMUNICATION BANDWIDTHS 

- TIME DELAYS 

• CAMERA SYSTEM CONTROL/ADEQUACY 

- SELECTION, POSITIONING, POINTING, ZOOM, FOCUS. IRIS 

- LIGHTING GIVEN DYNAMIC SOLAR ILLUMINATION CONDITIONS 
COMMUNICATION BANDWIDTH 

• MANUAL SELECTION OF CONTROL PARAMETERS FOR UNPLANNED TASKS 

• DYNAMIC INTERACTION BETWEEN PLATFORM, TELEROBOT/OBJECT, OPERATOR 

• ACCURACY, STABILITY OF LIGHT MANIPULATOR 

GIVEN WIDE RANGE OF OBJECT MASSES 

• ACCURACY OF COMPUTER SIMULATION DYNAMIC MODEL 

• VALIDITY/ ACCURACY OF CONTROL PARAMETERS 

DERIVED/DEMONSTRATED ON GROUND SIMULATION 
HOW TO TEST PRIOR TO EXECUTING SINGULAR EVENT 
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Theme 5 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


AUTOMATION AND ROBOTICS Theme 5 of 8 

5.3 Artificial Intelligence 

In-Space Experiments in Artificial Intelligence 


Dr. Peter Friedland / Nancy Sliwa 

NASA Ames Research Center / NASA Langley Research Center 


INTRODUCTION/BACKGROUND 


• NASA R&D PROGRAMS 

SYSTEMS AUTONOMY TECHNOLOGY PROGRAM (CSTI) 

SPACE STATION FREEDOM ADVANCED TECHNOLOGY PROGRAM 
PATHFINDER 

• CURRENT CAPABILITIES: 

- INCO EXPERT SYSTEM IN MISSION CONTROL 

• HST SCHEDULER IN END TO END TESTING. SHARP. AUTOCLASS 

• ARTIFICIAL INTELLIGENCE |AI) ELEMENTS 

REASONING UNDER UNCERTAINTY 
LEARNING 

CAUSAl MODFLLING 
KNOWl EDGE ACQUISITION 
ADVANCED PLANNING METHODS 
COOPERATING KNOWLEDGE BASE SYSTEMS 

- VALIDATION TECHNOLOGIES 

• DIFFERENCES BETWEEN GROUND VS. SPACE BASE Al SYSTEMS 

AVAILABILITY OF SUFFICIENT PROCESSING POWER AND MEMORY 

REALTIME CONSTRAINTS 

RELIABILITY CONSTRAINTS 

ENVIRONMENTAL UNCERTAINTY 

PERCEIVED VS. REAL RISK 


TECHNOLOGY NEEDS 

• BUILDING AND USING VERY LARGE KNOWLEDGE BASES 

- AUTOMATIC KNOWLEDGE ACQUISITION 

- EFFECTIVE KNOWLEDGE COMBINATION FROM MANY SOURCES 

- REPRESENTATION AND OPERATIONALIZATION OF MASSIVE AMOUNTS 
OF KNOWLEDGE 

• COLLABORATION 

- DISTRIBUTED PROBLEM SOLVING 

- MULTIPLE AGENTS 

- GRACEFUL INTERACTION WITH HUMANS 

• CAUSAL REASONING 

• UNCERTAINTY MANAGEMENT 

- REASONING ABOUT UNCERTAINTY 

- REACTIVE REPLANNING TO COPE WITH UNCERTAINTY 

• VALIDATION AND VERIFICATION OF INTELLIGENT SYSTEMS 
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SUMMARY 


• Al TECHNOLOGY WILL BE CRITICAL TO FUTURE SPACE MISSIONS FOR 
BOTH GROUND AND FLIGHT USE 

• INTEGRATED HARDWARE/SOFTWARE FLIGHT TESTS WILL BE 
NECESSARY 

• IN GENERAL, GROUND BASED VALIDATION IS SUFFICIENT FOR 
SOFTWARE 

• SOME FLIGHT VALIDATION MAY BE NECESSARY TO ESTABLISH A 
"TRACK RECORD" FOR Al SOFTWARE 




62 




INSTEP Technology Themes 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.3 Artificial Intelligence 

Artificial Intelligence: An Industry View 

David A. Rosenberg 

ISX Corporation 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


• IN A SENSE, Al TECHNOLOGIES ARE ORTHAGONAL TO OUR THEME AREAS, AND COULD BE 
APPLIED TO MOST OF THE ON-GOING EXPERIMENTS 

• VALUABLE INTEGRATION EXPERIENCE COULD BE GAINED BY DEFINING, DESIGNING, 
BUILDING, AND FLYING AN INTELLIGENT DECISION SUPPORT SYSTEM TO AID CREW 
MEMBERS IN MANAGING SOME SET OF IN SPACE EXPERIMENTS. A COMMON FRAMEWORK 
COULD LIKELY BE APPLIED TO SUPPORT A NUMBER OF SUCH EXPERIMENTS 

• SPACE STATION FREEDOM REPRESENTS AN IDEAL OPPORTUNITY TO APPLY INTELLIGENT 
SYSTEMS IN BOTH CREW DECISION SUPPORT AND SEMI AUTONOMOUS ROLES 

• THE FTS PROVIDES AN OPPORTUNITY TO APPLY THE IDEAS DISCUSSED FOR HUMAN 
CONTROLLED AND AUTONOMOUS ROBOTICS 

SUMMARY & RECOMMENDATIONS 

• A RELATIVELY NEW CLASS OF SYSTEM, THE INTELLIGENT SYSTEM, CAN BE EFFECTIVE 
WHERE CONVENTIONAL OR PURE Al BASED APPROACHES ARE NOT 

• IN THE LONG RUN, INTEGRATED Al WILL BE AN ENABLING TECHNOLOGY FOR 
AUTONOMOUS, OR VERY COMPLEX MANNED PLANETARY MISSIONS 

• IN-SPACE EXPERIMENTS COULD PROVIDE A CRUCIAL, REAL WORLD INTEGRATION 
OPPORTUNITY 
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Theme 5 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


AUTOMATION AND ROBOTICS 

5.3 Artificial Intelligence 

Artificial Intelligence 


INSTEP Technology Themes 


Theme 5 of 8 


Dr. Robert Cannon 

Stanford University 


INTRODUCTION/BACKGROUND 


PROVE 

NEW CONCEPTS 


ADVANCED RESEARCH 

i 


FOR SPACE 


IN SPACE 


BUILD & PROVE NEW TECHNOLOGY 


UPGRADE OPERATIONAL SYSTEMS 


TECHNOLOGY NEEDS 


o USER INTERFACE 

GEOMETRIC 

OBJECT-LEVEL 

SIMPLE 


o MANIPULATOR CONTROL 

LIGHTWEIGHT 

FLEXIBLE 

QUICK 

PRECISE 

ROBUST 

ADAPTABLE 

GRACEFUL 

WORK FROM A MOVING BASE 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.3 Artificial Intelligence 

Automation and Robotics Critical Technology Requirements 


Antal ICBejczy 

Jet Propulsion Laboratory 



GENERAL THRUST 

AUGMENT AND ENHANCE HUMAN RESOURCES/CAPABILITIES 
BY ENABLING HUMAN CONTROL OF COMPLEX SYSTEMS AT 
HIGHER & HIGHER LEVELS WHILE RETAINING CAPABILITY TO 
ENTER CONTROLLING PROCESS AT MULTIPLE LEVELS 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.3 Artificial Intelligence 

Automation and Robotics Critical Technology Requirements 


Antal K. Bejczy 

Jet Propulsion Laboratory 



° SUPERVISORY CONTROL FOR TELEROBOTIC 
OPERATIONS IN SPACE 

DYNAMIC TASK CONTROL 

ENHANCED VISUAL DISPLAYS WITH COMPUTATION 
(E G. COLLISION AVOIDANCE) 

BIDIRECTIONAL M / M INTERFACES WITH 
HIERARCHICAL OBJECT ORIENTED ARCHITECTURE 
AND MULTI MODE CAPABILITIES 

MODELS FOR TELEROBOT AND ITS ACTIONS 

o CONTROL LOCATION 

ON ORBIT 

OPERATOR WITH FORCE FEEDBACK 
ROBOT ARM - VEHICLE INTERACTION 

ON GROUND 

COMMUNICATION DELAY / BANDWIDTH 
INTERACTING WITH MICROGRAVITY 

o HIGH DEGREE-OF-FREEDOM SYSTEMS 

REDUNDANT ARMS 
MULTIPLE ARMS 


DEXTROUS END EFFECTORS AND TOOLS 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


Theme 5 of 8 AUTOMATION AND ROBOTICS Theme 5 of 8 

5.3 Artificial Intelligence 

Automaton and Robotics Critical Technology Requirements 

Antal K. Bejczy 

Jet Propulsion Laboratory 


ARTIFICIAL INTELLIGENCE TASK DOMAINS 

. FAULT PROCESSING 

- AUTOMATED FAULT DETECTION, ISOLATION, RECOVERY / RECONFIGURATION 

- DIAGNOSIS OF UNANTICIPATED, MULTIPLE FAULTS 

- CONTINGENCY REPLANNING 

O LARGE INPUT / OUTPUT SYSTEMS 

- SENSOR INTERPRETATION / FUSION 

- REAL-TIME IMAGE PROCESSING 

- SPEECH RECOGNITION AND SYNTHESIS 


ARTIFICIAL INTELLIGENCE TECHNOLOGY NEEDS 

O INTEGRATED, REAL-TIME, FAULT-TOLERANT, COOPERATIVE 
INTELLIGENT SYSTEMS 

- PARALLEL, INTEGRATED NUMERIC / SYMBOLIC PROCESSING 

- ADVANCED, INTELLIGENT OPERATING SYSTEM 

- LARGE, DYNAMIC, DISTRIBUTED KNOWLEDGE BASE 

- INTEGRATION OF DATA AND MODEL INFORMATION 

- LAYERED, TRANSPARENT SOFTWARE 


o INTELLIGENT HUMAN INTERFACES 
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THEME SESSION OBJECTIVES 


IDENTIFY & PRIORITIZE TECHNOLOGIES FOR SENSORS 
COMMUNICATIONS, AND INFORMATION SYSTEMS WHICH 

• ARE CRITICAL FOR FUTURE U.S. SPACE PROGRAMS 

• REQUIRE IN-SPACE TESTING AND VALIDATION 

PRODUCT 

HIGH PRIORITY TECHNOLOGIES AND RATIONALE FOR 
IN-SPACE EXPERIMENTATION: 

• TECHNOLOGY NEED 

• IMPORTANCE TO SPACE MISSIONS 

• IN-SPACE TESTING REQUIRED 


THEME DESCRIPTION 

SENSORS 

• DEVICES & OPTICS 

• LASERS 

• PRECISION POINTING 

• THERMAL MANAGEMENT & CRYOGENICS 

COMMUNICATIONS 

• OPTICAL & MICROWAVE 

• POINTING, TRACKING, & ACQUISITION 

INFORMATION SYSTEMS 

• SPACE QUALIFIED PROCESSORS , STORAGE & COMPONENTS 
■ IMAGE & SIGNAL PROCESSORS 

• DATA NETWORKS & TELEMETRY SYSTEMS 

• AUTOMATED SYSTEMS 



Theme 6 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

Background and Objectives 


Themes and Criteria for Prioritization 


Martin M. Sokoloskl / John Dalton 
NASA Headquarters / NASA Goddard Space Flight Center 


CRITERIA FOR PRIORITIZATION 


1. CRITICALITY OF TECHNOLOGY IN ENABLING FUTURE U.S. SPACE 
MISSIONS 


2. POTENTIAL OF TECHNOLOGY FOR REDUCING COST 
(DEVELOPMENT, OPERATIONS, OR LIFE CYCLE) 


3. DEGREE TO WHICH TECHNOLOGY HAS BROAD APPLICATION 
TOA VARIETY OF SPACE MISSIONS 


4. REQUIREMENT FOR IN-SPACE VALIDATION TO EXPERIMENT 
WITH OR VERIFY PERFORMANCE IN MICRO-GRAVITY / THERMAL / 
RADIATION ENVIRONMENT OR TO REDUCE RISK FOR 
OPERATIONAL APPLICATIONS 
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H INSTEP88 Workshop 

| OAST Technology For the Future 

| Part 2: Critical Technologies 

INSTEP Technology Themes 

| Theme 6 of 8 

SENSORS AND INFORMATION SYSTEMS 

6.1 Sensors 

Theme 6 of 8 


In-Space Experiments in Remote Sensing Systems 



Martin M.Sokoioskj 

NASA Headquarters, Information Sciences & Human Factors Division 



IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


• DETECTORS 

- Radiation Effects on Arrays 

- Effects of Contaminants on Response of Detectors 

- System Demonstration under Low Background Conditions 

- Interaction of Coolers and Detector Systems 

- Retrofit on ln-Reach LITE System with New Detector Arrays & Refly 

- Maintenance of Optical Surface Quality in Space with ln-situ 

Cleaning Demonstration 


• HETERODYNE SYSTEMS 

- UV, Protons, and Electron Radiation Effects on Components & Systems 

- Effect of Contaminants on System Performance 

- Modify LITE Experiment for Single or Dual Channel for IR Radiometer 
for OH Measurement Demonstration 

- Space Test of Large Unfilled Synthetic Aperture Radiometer (Requires 
Large Structure 20 M Arms) for Proof of Concept 

- Space Test of 30 and 118 Micrometer 1 leterodync Imaging Spectrometer 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 8 of 8 

6.1 Sensors 

In-Space Experiments in Remote Sensing Systems 

Martin M.Sokotoski 

NASA Headquarters, Information Sciences & Human Factors Division 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS (CONT'D) 


• DIAlyMDAIt SYSTEMS 

- Retrofit LITE Platform with Tuneable Solid State Laser for DIAL 
Measurements Demo 

- Retrofit 2 Micrometer Doppler Wind Shear Detector on LITE 

- Demonstrate In-Space Operation of Semiconductor Diode Array Pumps 

- l est of Picosecond Laser Ranging and Altimeter System 

- In-Space Test of Laser System Stability 


• COOLER SYSTEMS 

- Microgravity Test of Liquid/Vapor Phase Separation in Joule-Thomson 
Refrigerators 

- Microgravity Test of 3Iie/4I lc Dilution Refrigerator Systems: 

- JPL System Concept 

- ARC System Concept 

- MSEC System Concept 

- Extended Microgravity & Vacuum Test of Mechanical Coolers (10 kelvin 
and Above) 

- Proof of Principle of Microgravity Operation of Subkelvin Coolers 
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SUMMARY/RECOMMENDATIONS 


• REQUIREMENTS FOR SENSOR SYSTEM IN-SPACE EXPERIMENTS 

• Test of Operation in Space Radiation Environment 

• Functioning in Micro- or 0-g Environment 

• Operation in Vacuum 

• Survive Launch 


Survive Shuttle Contamination 
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INSTEP Technology Themes 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.1 Sensors 

In-Space Sensor Technology Experiments 

E David Hinkley 

Hughes Aircraft Company 


CATEGORIES FOR IN-SPACE SENSOR 
TECHNOLOGY EXPERIMENTS 


1. THERMAL MANAGEMENT, CRYOGENICS 

2. OPTICS CONTAMINATION/DECONTAMINATION 

3. PRECISION POINTING & TRACKING 

4. LASER OPERATION 


SPACE APPLICATIONS 
Thermal Management, Cryogenics 


1 . 

2 . 

3. 

4. 


SENSOR/ELECTRONICS CRYOCOOLING 
HEAT SWITCH FOR REDUNDANT CRYOCOOLER 
WASTE HEAT TRANSFER TO RADIATOR 
OPTICS CRYOCOOLING 


i 
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Theme 6 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

SENSORS AND INFORMATION SYSTEMS 

6.1 Sensors 


INSTEP Technology Themes 


Theme 6 of 8 


In-Space Sensor Technology Experiments 


E David Hinkley 
Hughes Aircraft Company 


SPACE APPLICATIONS 

Lasers 


1. WEATHER-RELATED MEASUREMENTS 

2. ATMOSPHERIC CHEMISTRY MEASUREMENTS 

3. HIGH-SPEED OPTICAL COMMUNICATIONS 


4. IN-SPACE MANUFACTURING 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.1 Sensors 

UDAR/Laser Sensors 

Dr. Denis Killinger 

University of South Florida 

Critical Technolgoy 

1) Loser Development 

- Diode Laser Pumping of Existing Lasers 

- New Tunable (MID-IR) Laser Sources 

Ho : YAG Nd:61ass/Ramon Shift 

Tl;Sapphire Single-Frequency (Nd, etc.) 

Er:YAG/OPO Local Oscillator 

(cw/Ropld Wide Tunoblllty) 

- Lifetime Issues 

C0 2 /Catalyst 
H.V, /Electrodes 

2) Li PAR Depl oyment 

LITE (Laser In-Space Technology Exp.) 

- Nd:Y AG <2x, 3x) 

1st Spaceborne L1DAR 

- Phase 11; T ! : Sapphire 

LASA/EOS 

- LIDAR (use to correct passive) 

- DIAL 

- Altimetry 
LAWS (WINDSAT) 

- C0 2 /Doppler (Lifetime) 

- Nd : YAG (L.O, Tracking) 

Ozone ( Excl me r /Raman Shift) 

Pointing/Tracking Accuracy 

- Small Footprint (more severe than Radar) 

(Laser/Telescope Overlap) 

- Push-Broom Scan 

- Effect of Atmospheric Turbulence 
(hotlon /Trocking) 

3) Laser Sensor 

Absorptlon/Fluroescence Sensors 
(Trace Species In-Si tu) 

- Fiber/Optical Coupling 

- Tunoble Mlcrolaser Sensors 
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Road Map (LIDAR/SENSORS) 

LIDAR Development 

1. Space Shuttle Test of Simple LIDAR (Nd; YAG) : LITE 

2. Spaceborne LIDAR/DIode Puinped Nd:YAG 

- Direct & Coherent Detection (Limited power) 

3. Coherent Doppler (Nd & C0 ? ) 

- L.O. Tracking 

*i. Atmospheric Denslty/H ? 0 for Passive Corrections 
5. Altimeter/Surface Profiler LIDAR 

LASE R D evelopment 

1. Long-Life Nd ; YAG 

2. Diode-Laser Pumped Nd ; YAG 

3. Ho : YAG 
Tunable T1:A1 2 0 3 

5. Tunable Local Oscillator 
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SENSORS AND INFORMATION SYSTEMS 

6.2 Communications 

In-Space Experiments in Communication Systems 

Theme 6 of 8 


Martin M.SokotosW 

NASA Headquarters, Information Sciences & Human Factors Division 



INTRODUCTION/BACKGROUND 

■ Optical Communication System Elements 

• Lasers & Laser Systems 

• Modulation Techniques 

• Detection (Coherent, Non-coherent) 

• Optics 

• Electronics 

Space Qualification 

• Space Radiation Environment/Energetic Particles 

• Vacuum 

• Microgravity 

• Spacecraft Charging and Outgassing 
Laser Systems Not Space Demonstrated 
NASA R&D Programs 

• Laser Sources 

- AlGaAs 

- Semiconductor Diode Laser Array 
Pumped Solid State Laser Rods & Slabs 

• Detection 

- Coherent 

- Non-coherent 

• Modulation Techniques 

• Electronics 
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Theme 6 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


SENSORS AND INFORMATION SYSTEMS 

6.2 Communications 

In-Space Experiments in Communication Systems 

Martin ML Sokoloski 

NASA Headquarters, Information Sciences & Human Factors Division 


Theme 6 of 8 


MISSION APPLICATIONS 


• Mission to Planet Earth 

- GEO/GEO for Geoplat 

- GEO/LEO for Geoplat & Eos 

- GEO/Earth 

• Planetary 

- Mars Rover 

- Cassini 

- Others 

• Solar Physics 

- Star Probe (Enabling) 


TECHNOLOGY NEEDS 


Free-Space Optical Communications "Revolutionary” Technology 
Breadboard In-space Demo Needed 
Component Space Qualification 

- Laser & Laser Power 

- Pointing & Control (Closed and Open Loop) 

- Modulation Rate Demo 

- Demo of Space/Ground Link 

- Demo Space/Space Link 
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INSTEP88 Workshop 


OAST Technology For the Future 

INSTEP Technology Themes 

Part 2: Critical Technologies 



Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.2 Communications 

In-Space Experiments in Communication Systems 


MarfnMSokotoski 

NASA Headquarters, Information Sciences & Human Factors Division 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 


• In-space Breadboard Demo of "Revolutionary" Technology 

- Space-Space 

- Space/Ground 

- Closed & Open Loop Acquisition 

- Coherent/Non-coherent Links 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS 

6.2 Communications 

Space Laser Communication Experiments 


INSTEP Technology Themes 


Theme 6 of 8 


M.R0SS 

Laser Data Technology, Inc. 


SEMICONDUCTOR LASER BREAKTHROUGH 


- HIGH EFFICIENCY 


- GREATER THAN 50 % ACHIEVED 


UNIFORMITY ACHIEVED 


- ARRAYS FEASIBLE 


- MULTI-WATT OUTPUTS ACHIEVED 


EFFICIENCY TRENDS FOR VISIBLE AND NEAR IR LASERS 

LOG OF LASER EFFICIENCY 


Diode laser 

▲ 

Diode— Purr ped 
Nd:YAG 


▲ 

Diode-Pumped 

Nd:YAG 


l amp -Pumped Nd:YAG 


He Ne 

4 1 A a 1 1 J 

1965 1970 1975 1980 1985 1990 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.2 Communications 


Space Laser Communication Experiments 


M. ROSS 

Laser Data Technology, Inc. 

LASER POWER/OPTICS SIZE TREND FOR SPACE LASERCOM 

(Direct Detection) 

REQUIRED OPTICS DIAMETER TO CLOSE LINK (INCHES) 

10 r — n 


20 


He-Ne 

1970 


10 


0 1 

-.50 


Doubled Nd:YAG 
1975 

m 

Diode- pumped Nd:YAG 
1985 • 

Coherent Laser Diode 
Arrays (1990) ^ 


- 20 -10 0 10 
I ASE R POWFK (dRW) 


• TECHNOLOGY TREND 


Photonics Capabilities Advancing Rapidly 

Greater Solid State Laser Power Acheivable at Higher 
Efficiency and Lower Cost 


Enables Use of More Tolerant Designs in Rest of System 

—Smaller, Less Precise Optics 
— Easier Tracking Systems 
— Less Integration and Test Costs 

Enables Lower Weight, Lower Power, Lower Cost 
Laser Communication Systems 

— 1001b, 100 watt Systems Will Become Acheivable for 
Long-Distance Satellite-to— Satellite Links 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

INSTEP Technology Themes 

Theme 6 of 8 

SENSORS AND INFORMATION SYSTEMS 

6.2 Communications 

Coherent Optical Intersatellite Crosslink Systems 
Vincent WS. Chan 

Massachusetts Institute of Technology 

Theme 6 of 8 


LASERCOM CROSSLINK TECHNOLOGY 

• CANDIDATE SYSTEM TECHNOLOGIES 

- DIRECT DETECTION (Incoherent) 

- HETERODYNE (Coherent) 

• HETERODYNE RECEIVER 15 (IB MORE SENSITIVE THAN 
DIRECT DETECTION 

• HIGH ANTLJAM CAPABILITY 

• SMALLER APERTURE ALLOWS EASIER SPACECRAFT 
INTEGRATION 


• USE OF HIGH EFFICIENCY (15%) GaAIAs 
SEMICONDUCTOR LASERS 

. LINCOLN LABORATORY LASER INTERSATELLITE 
TRANSMISSION EXPERIMENT (LITE) 


LASER CHARACTERISTICS 
FOR COHERENT SYSTEMS APPLICATIONS 

• HIGH OUTPUT POWER 

- SIZE. WEIGHT, POINTING, MARGIN 

• SINGLE SPATIAL MODE 

- USEFUL POWER IN FAR FIELD 

. SINGLE FREQUENCY 

HETERODYNE RECEIVER 

• TUNABLE WAVELENGTH 

WAVELENGTH MATCH. TRACKING 

• DIRECT MODULATION 

EQUALIZABLE FM TRANSFER FUNCTION 

• NARROW LINEWIDTH 

SPECTRAL SPREADING IMPACT ON BER 

• STABLE. RELIABLE LIFE 

'>50,000 hr GOAl 
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Theme 6 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.2 Communications 

Coherent Optical Intersatellite Crosslink Systems 


Vincent W S. Chan 

Massachusetts Institute of Technology 


SPATIAL ACQUISITION 


. LARGE INITIAL POINTING UNCERTAINTY 

- DOMINATED BY SPACECRAFT ATTITUDE CONTROL ERROR 
(~ j 1 inRAD Typical) 

- SMALL COMMUNICATIONS BEAMWIDTH (4 /(rad In LITE) 

. SEARCH OVER MANY SPATIAL ''CELLS" REQUIRED 

. CCD TECHNOLOGY WILL PERMIT RAPID ACQUISITION 
(Few Seconds) 


CRITICAL TECHNOLOGY DEVELOPMENT NEEDS FOR 
SPACE LASER COMMUNICATION SYSTEMS 


• ASSESSMENT OF STATE-OF-THE-ART TECHNOLOGY 

. EXAMINE INTERPLAY BETWEEN TECHNOLOGY AND 
SYSTEM DESIGNS 

• SOUND FLEXIBLE DESIGN 

• ON-ORBIT DEMONSTRATION AND EXPERIMENTATION 

1. SPATIAL ACQ/ TRACK EXECUTION AND EXPERIMENTATION 

2. OPTICAL / MECHANICAL / THERMAL DESIGN VERIFICATION 

3. USE OF EXPERIENCE GAINED FOR THE DESIGN OF OPERATIONAL SYSTEMS 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 


Theme 6 of 8 

SENSORS AND INFORMATION SYSTEMS 

6.3 Information Systems 
In-Space Experiments in Information Systems 

Theme 6 of 8 


John T. Dalton 

NASA Goddard Space Flight Center, Data Systems Technology Division 



MISSION APPLICATIONS 


o ON-BOARD SYSTEM AND SENSOR CONTROL AND DATA PROCESSING APPLICATIONS 
GENERALLY APPLICABLE TO MOST SPACE MISSIONS: 

• INTELLIGENT SENSORS FOR LONG TERM MONITORING OF PHENOMENA AND 
FOR ADAPTIVE OBSERVATION OF SCIENTIFICALLY INTERESTING EVENTS 

• ON-BOARD SENSOR CALIBRATION AND PROCESSING 

• ON-BOARD CONTROL OF COORDINATED MULTI-SENSOR OBSERVATIONS 

• ON BOARD FAULT DETECTION AND RECONFIGURATION OF SPACECRAFT 
SYSTEMS 

• COMPRESSION, BUFFERING, AND ON BOARD PROCESSING FOR HIGH RATE 
IMAGING INSTRUMENTS 

• DATA DRIVEN TELEMETRY SYSTEMS (USING PACKET TELEMETRY STANDARDS) 

• ON BOARD RESOURCE CONTROL TO IMPROVE RESPONSIVENESS OF SCIENCE 
OPERATIONS 

* SUPPORTING PROCESSOR TECHNOLOGY FOR ROBOTICS: 

* TASK PLANNING 

- SENSING AND REACTIVE CONTROL 

• MACHINE VISION 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 

o PROC ESSORS: 

. DEMONSTRATE SPACE-QUALIFIED, FAULT TOLERANT PROCESSORS AND MEMORY SYSTEMS 

- WITH ACCEPTABLE POWER AND WEIGHT CHARACTERISTICS 

- SUFFICIENT SPACE ENVIRONMENT OPERATION TO VERIFY PERFORMANCE 
o IMAGE PROCESSORS: 

. DEMONSTRATE SPACE-QUALIFIED PROCESSORS FOR HIGH RATE LOSSLESS IMAGE COMPRESSION 

. DEMONSTRATE SPACE-QUALIFIED PROCESSORS PROGRAMMABLE FOR MULTISPECTRAL IMAGE 
FEATURE EXTRACTION 

o STORAGE: 

• DEMONSTRATE LAUNCH SURVIVAL AND IN SPACE OPERATION OF MOVING MEDIA STORAGE DEVICES 

. LONG DURATION EXPOSURE OF MATERIAL AND COMPONENTS TO RADIATION ENVIRONMENTS 
(LASERS, WRITE-ONCE AND ERASABLE MEDIA, ETC.) 

o NETWORKS A ND DATA HANDLING SYSTEM S: 

. DEMONSTRATE SOFTWARE AND SYSTEM RECONFIGURATION WHILE MAINTAINING RELIABLE 
OPERATIONS 

. DEMONSTRATE SPACE-QUALIFIED COMPONENTS FOR TELEMETRY GENERATION AND HANDLING 
SUPPORTING CCSDS PACKET TELEMETRY STANDARDS 

o AUTOMAT ED SYSTEMS: 

* DEMONSTRATE IN-SPACE OPERATION OF AUTOMATED EXPERIMENT AND SUBSYSTEM OPERATIONS 
. DEMONSTRATE OPERATION OF AUTOMATED RESOURCE MANAGEMENT SUBSYSTEMS 

(E G, RESOURCE ENVELOPE ALLOCATION, RESOURCE CHECKING, COMMAND CHECKING, 
INTERLOCKS) 
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INSTEP88 Workshop 
OAST Technology For the Future 
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INSTEP Technology Themes 

1 Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 II 

6.3 Information Systems 


Information System Panel DMS Perspectives - 

-December '88 

George Nossaman 


|| IBM, Federal Systems Division 



RATIONALE _FOR JN: SPACE TECHNOLOGY EXPE RIME NTS 
"DMS PERSPECTIVES" 

* SPACE TESTIN6 GENERALLY EXPENSIVE 


• ENVIRONMENT CAN NOT BE ACCURATELY SIMULATED IN GROUND LABS 


GROU ND-SUFFICIENT 

THERMAL 

VACUUM 

EMC 

VIBRATION 

RADIATION (PARTIAL) 


IN-SPACE 

7ERO-G 

RADIATION (COMPLETE) 
MULTIPLE EFFECTS 


• CONFIDENCE - BUILDING 

ON-ORBIT TESTING RAISES CONFIDENCE IN SYSTEM APPROACH 
DOES NOT COVER ALL PROBLEM AREAS 


• SO ME OPERATIONAL IN TERACTIONS - INVOLVING HUMANS CANNOT BE ACCURATELY 
SIMULATED 

TELEOPERATIONS W/ROBOTS 


• SPACE JESUNGs 


SHOULD VERIFY TECHNIQUES, SYSTEM APPROACHES WHICH CANNOT BE 
TESTED ON THE GROUND 

SHOULD NOT BE USED AS BASIS FOR DEVELOPMENT OF NEW CONCEPT, OR 
PRIMARY TESTING APPROACH 





Theme 6 of 8 


INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

Information System Panel DMS Perspectives — December '88 


George Nossaman 

IBM, Federal Systems Division 


TRENDS IN SP ACE DATA SYSTEMS 

• SYSTEM ARCHI TECTURES 

MOVING TOWARD DISTRIBUTED APPROACHES 
MERGIN6 WITH 6R0UND-BASED SYSTEMS - GENERAL PURPOSE H/W 
INCREASING USE OF STANDARDS FOR LCC REDUCTION 
DIFFERING MILITARY/CIVILIAN APPROACHES 

• NETWORKS 

EMERGING NEED FOR HIGH SPEED ( 50 M»/s) 

CONTINUING NEED FOR SIMPLE INSTRUMENTATION BUSES, LOCAL I/O 

EMERGING NEED FOR 10 Mb/s IAN 

FIBER OPTICS REPLACING CABLE/WIRE BUSES 

• PROCESSORS 

HI6H SPEED, SINGLE BOARD * * SINGLE CHIP PROCESSORS (32 BITS) 

LOOSELY-COUPLED ARRAYS OF PROCESSORS 

TI6HTLY COUPLED SYSTEMS (MILITARY/SENSOR SYSTEMS) 

ON-BOARD HIGH-SPEED VECTOR PROCESSING 
SILICON MEMORY WITH ECC i SCRUB 
USE OF COMMERCIAL/MILITARY SYSTEMS IN SPACE 
USE OF COTS S/W, GFNERAL PURPOSE OS 

• MASS STORAGE 

MOVING TOWARD WINCHESTER DISK MASS STORAGE 
OPTICAL MEMORY 

INTEGRATED DATA BASE APPROACHES 


RADIATION EFFECTS ON DIGITAL ELECTRONICS 
BACKGROUND 


• FAILURE MODES 

SINGLE-EVENT UPSET SEU 

LATCH-UP 

TOTAL DOSE 

• VARIATIONS IN SPACE ENVIRONMENT 

ORBITAL HEIGHT 
ORBITAL INCi 1 NAT ION 
SOLAR CYCLES 

RANDOM EVENTS (FLARES, ETC) 
MAN-MADE EVENTS (NUCLEAR EFFECTS) 
SHIELDING 

PARTICLE FLUX CHARACTERISTICS 

• GROUND TESTIN6 LIMITATIONS 

RADIATION SPECTRA 
MODELING ACCURACY 
CIRCUIT COMPLEXITY 
EFFECTS REPORTING 
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TNJPACE JESTING „ NEED S GENERAL 


INEXPENSIVE WAY TO TEST COMPONENTS IN SPACE FOR SEE 


INEXPENSIVE WAY TO VERIFY SYSTEMS FOR SEE, INTEGRATED EFFECTS 


LONG DURATION TEST FACILITY FOR LIFETIME TESTING - TOTAL DOSE, 
INTEGRATED EFFECTS 


COORDINATED GROUND TEST, MODEUNG PROGRAM 

PROGRAM AND FACILITY FOR MULTIPLE EFFECTS 

ORGANIZED APPROACH TO SELEC1 TECHNOLOGIES WHICH REQUIRE, RECEIVE 
TESTIN6 

SIMPLE WAY TO FLY "COMMERCIAL" AND/OR "MILITARIZE" ELECTRONICS 
FOR QUICK EVALUATION 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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INSTEP88 Workshop 


OAST Technology For the Future 

INSTEP Technology Themes 

Part 2: Critical Technologies 


| Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 1 


6.3 Information Systems 

Information System Panel DMS Perspectives — December '88 

George Nossaman 

IBM, Federal Systems Division 

S PECIFIC _SU66ESTLONS 

• ESTABLISH COMPONENTS i SYSTEMS TESTING PROGRAM 

COMPONENTS & SYSTEM TEST STANDARDS 
USE STATION AS A PATHFINDER 

• DEVELOP A CONCEPT FOR LONG DURATION "COMPONENTS 4 ELEMENTS" TEST 
FIXTURES 

PERHAPS SEVERAL AT VARIOUS DURATION AND ORBITS 

• EXPAND INEXPENSIVE SORTIE-LEVEL TESTING CAPABILITIES 

TEST COMPONENTS 
VERIFY SYSTEM ELEMENTS 

FI Y UNMODIFIED COMMERCIAL /MI l ITARY TECHNOLOGY 
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OAST Technology For the Future 
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Part 2: Critical Technologies 



Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments in Information Systems 


Neil R White I 

University of Colorado, Laboratory for Atmospheric and Space Physics I 

UNIVERSITY SCIENTISTS AND ENGINEERS PERSPECTIVES ON INFORMATION SYSTEMS 

(CONTINUED) 


• DIFFICULTIES EXPERIENCED RELATING TO DEVELOPMENT AND QUALIFICATION OF NEW 
FLIGHT TECHNOLOGIES 

• LIMITED PERSONNEL / EXPERIENCE BASE 

A0S OFTEN PRECLUDE THE DEVELOPMENT OF NEW TECHNOLOGIES 
NO PROFIT MOTIVE OR INTERNAL R & D FUNDING SOURCES 

MOST FLIGHT PROGRAMS ARE UNWILLING TO ACCEPT THE RISKS ASSOCIATED WITH THE 
DEVELOPMENT OF NEW TECHNOLOGIES SEPARATE GRANTS MUST BE OBTAINED PRIOR TO S/C 
FUNDING FOR DEVELOPMENT PROGRAMS 


• UNIVERSITIES SUFFER FROM POOR OR CONFLICTING DATA PERTAINING TO SPACE 
QUALIFIED PARTS 

• EACH NASA CENTER USES DIFFERENT APPROVED PARTS AND FABRICATION TECHNIQUES 

NEWER TECI INOLOGIES IN THE PROCESS OF QUALIFICATION ARE NOT WIDELY PUBLISHED 
DOD SPACE QUALIFIED PARTS CANNOT BE OBTAINED 


LITTLE OR NO STANDARDIZATION OF S/C INTERFACES, BUS STANDARDS, ETC. THUS EVERY 
INSTRUMENTS DESIGN IS UNIQUE EVEN THOUGH MANY INCORPORATE SUBSYSTEM COMMON 
TO ALL 

• MICROPROCESSOR /BUS | 

• ECC MEMORY 

. TELEMETRY INTERFACE 

STANDARD INTERFACES (MULTICHANNEL A/D'S AND D/AS, ETC) 

• SOFTWARE 


UNIVERSITY SCIENTISTS AND ENGINEERS WILL PUSH AVAILABLE FLIGHT 
DESIGNS AND TECHNOLOGIES TO THEIR LIMITS. HOWEVER, THEY WILL 
NOT PROPOSE INSTRUMENTATION REQUIRING THE DEVELOPMENT OR 
QUALIFICATION OF NEWER, COMMERCIALLY AVAILABLE PARTS AND 
TECHNOLOGIES, UNDER S/C ANNOUNCEMENT OF OPPORTUNITIES. 
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Part 2: Critical Technologies 

Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments in Information Systems 

Neil a White 

University of Colorado, Laboratory for Atmospheric and Space Physics 


TECHNOLOGY NEEDS 
• INTELLIGENT (NETWORKED) INSTRUMENTATION AND SIC 

• ON-BOARD CALIBRATION SE GLANCING 

S/C MANEUVERING 
INSTRUMENT CONFIGURATION 
SENSOR DATA CALIBRATION ANALYSIS 
STORAGE OF CALIBRATION DATA 

• REAL-TIME DATA PROCESSING 

APPLICATION OF CALIBRATION DATA 
BACKGROUND REMOVAL 

ANALYTICAL ANALYSIS (MIN / MAX, FFT, MODEL FITTING. ETC) 

DATA COMPRESSION 

• DATA ANALYSIS 

EVENT DETECTION ANO FEATURE RECOGNITION 

- *EVENT BROADCAST AND RECONFIGURATION 
NSTRUMENT 
S/C 

OTHER (OTHER S/C. GROUND INSTRUMENTATION. SS INSTRUMENTATION, ETC.) 

• RE SOI mCE MANAGEMENT 


* SPACE QUALIFIED PARTS / SYSTEMS 

. STANDARDIZED BUS PROTOCOL(S) 

. *OFF-TME SHELF SPACE QUALIFIED COMPONENTS 

B, 1 6. A 32 BIT FAULT TOLERANT MICROPROCESSOR CARDS 
ECC MEMORY (PROM, EPROM. SRAM, AND DRAM) 

TELEMETRY INTERFACE CARDS (SHOULD COMPLY WITH COMMERCIALLY AVAILABLE 
STANDARDS LIKE RS-232. IEE^$8, ETHERNET. ETC ) 

CONTROL 1/F CARDS (DIGITAL I/O. A/D, D/A. ETC.) 

LITERALLY SPACE QUALIFIED PC'S, MAC WS, MICROVAX'S, ETC. WITH PLUG 
IN PERIPHERAL CAROS 


SOFTWARE UTILITIES SUPPORTING HARDWARE SYSTEMS 
REAL-TIME MULTITASKING KERNEL 
PACKET GENERATION UTILITIES 
DATA COMPRESSION UTILITIES 
COMMAND ERROR CHECKING AND TAnSING UTILITIES 
GROUND RASED COMPLEMENTS TO Tl IE ADOVE UTILITIES 
RESOURCE MANAGEMENT UTILITIES 


• NATIONAL NASA APPROVED PARTS AND SOFTWARE DATABASE 

• CONTINUOUSLY UPDATED 

• DISCRETE PARTS ANO MATE RIALS 

• COMPONENT LEVEL CATTOS / HOARDS 

SPECIFICATIONS 

QUALIFICATION LEVEL (MIL-STD 883. MIL M-38510. ETC.) 

RADIATION HARONESS 

VEKXXl 

PRICE 

• SOFTWARE UTILITIES 

• CURRENT RAD EFFORTS 
USER FEEDBACK / WISH LISTS 
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Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments Information Systems Critical Technology Requirements 

Martin M. Sokotoskl / John Dalton 

NASA Headquarters / NASA Goddard Space Flight Center 


MISSION TO PLANET EARTH 


EOS 


Laser Active Sensing of Winds 
Laser Active Sensing of Trace Species 
Ozone, Acid Rain, 1120, CC)2, Others 
Laser Altimetry 

Plate Tectonic Movements 


GEOPLAT Fixed Focus with Large Format Arrays 
Mnlli-Spectral Imagers 
Spatial Imagers 


SENSORS IN-S PACELTESTING REQUIRED 


o IN-SPACE POINTING, CONTROL & STABILIZATION TEST BED FOR 
DETECTORS & LASERS REMOTE SENSING SYSTEMS 


o IN-SPACE TESTING, DEMONSTRATION, AND VERIFICATION OF 
PROTOTYPE COOLERS & COOLER SYSTEMS 

Mechanical Refrigerators 

Magnetic Refrigerators 

IIc3/IIe4 Dilution Refrigerators 




INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments Inlormation Systems Critical Technology Requirements 

Martin M.SokolosW /John Dalton 


NASA Headquarters / NASA Goddard Space Right Center 



o PRECISION POINTING, CONTROL & STABILIZATION FOR 
PASSIVE AND ACTIVE (DIAL/IJDAR) REMOTE SENSING 

o Passive Sensing (Delector Arrays) 

"Earth Looking" 

"Out Looking" 

o Active Sensing 

Differential Absorption LIDAR 

Coherent Doppler LIDAR [ Laser Atmospheric Wind Sounder] 


o SPACE - QUALIFIABLE COOLERS & COOLER SYSTEMS 
OPERATING IN 0-G ENVIRONMENT ~ 3-5 YEARS LIFETIME 

o Cooling Sensor Arrays to Tens of Kelvin 

o Cooling Sensor Arrays to Millikelvin <T < lOok 



o MISSION TO PLANET EARTH 


- Optical ( > 500 Mbps) GEOPLAT/CEOPLAT Links 

- GEOPLAT/EOS Links 

Coherent Links [Two or More Platforms Employed as a Single 
Observational Instrument] 

Optical Link Direct to Ground 

o MARS EXPLORATION 

Mars Rover (Eliminate Large Antenna) 

Manned Missions 

o LUNAR BASE 

LaGrange Point / Earth -GEO / Far Side Optical Link 
o OTHER MISSIONS 

Enables Star Probe (Communication in and Thru Sun’s Plasma) 
TAU (Thousand Astronomical Unit) 

Planetary - High Data Rate 
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Obtain Experimental Test Data to Obtain and Validate Complex 
Analytical Models to Enable Overall Laser Communications Systems 
Optimization 


o The In-Space Environment: 
Platform Vibration 
Thermal Distortion 
Radiation 

Natural Background Sources 
S/C Glow 
Long Baselines 
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Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments Information Systems Critical Technology Requirements 

I Martin M. Sokoloskl /John Dalton 

NASA Headquarters / NASA Goddard Space Right Center 


INFORMATION SYSTEM S TECHNOLOGY-NEEDS 

o Intelligent Information Systems to Support Automated Operations, On- 
Board Processing, & Robotics 

Special Purpose Processors: Image, Symbolic, Neural Network 
High Performance General Purpose Processors 
High Volume Storage 

IMPORTANCE 

o MISSION TO EARTH: 

On-Board Feature Extraction & Processing Required to Reduce 
Large Volume of Global Monitoring Data and Enable Manageable 
Communications and Ground Processing Costs 

o MICROGRAVITY: 

On-Board Selection of Features of Interest From High Rate/Volume 
Image Sequences. Required to Meet TDRS Communication Limit 

o PIANETARY ROVERS: 

On-Board Science Analysis & Autonomous Vehicle Operation 

IN-SPACE TESTING REQUIRED 

o System-Level Validation: 

Adaptive Response to Real-Time Observations 
Performance and Reliability in Space Radiation Environment 


o Space Environment Testing 

Space-Borne VHSIC Multiprocessor System 
CSTI High Rate Data Systems 


I 
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Theme 6 of 8 SENSORS AND I NFOR MATION SYSTEMS Theme 6 of 8 

6.3 information Systems 

In-Space Experiments information Systems Critical Technology Requirements 

Martin M. SokolosW / John Diton 

NASA Headquarters / NASA Goddard Space Flight Center 


INFORMATION SYSTEMS IN-S PACE TECHNOLOGY 

NEEDS 


o Space Qualified Components with Performance Comparable to Ground 
System Capability 

o Confidence Testing of Commercial-Grade Components to Provide Low- 
Cost, Low-Risk Applications 

o Zero-G Testing of Storage Systems 

IMPORTANCE: 

o Reduce Cost of Space Experiments 

o Modular, Standard Processing Elements for Multi-Mission Applications 

o Mission Enabling for Some Applications (Eg. On-Board Instrument 
Calibration, Automation of Operations) 

IN-SPACE TESTING REQUIRED: 

o Laboratory for On-Going Testing of New Components 

Shuttle/SSF Low Inclination Orbit 
Polar & Geo Radiation Environment 

o Build on CRRES Experience 

o Improve Model of Radiation Environmental Effects 

o Incorporate as Last Step of Ground Modeling & Testing Process 
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Theme 6 of 8 SENSORS AND INFORMATION SYSTEMS Theme 6 of 8 

6.3 Information Systems 

In-Space Experiments Information Systems Critical Technology Requirements 

Martin M. SokotosJd /John Dalton 
NASA Headquarters / NASA Goddard Space Right Center 


SENSORS 


o Precision Pointing, Control, and Stabilization 
o Coolers 
COMMUNICATIONS 

o High Rate Optical Communications 
o Closed and Open Loop Acquisition 

o Pointing and Tracking 

INFORMATION SYSTEMS 

o Intelligent Systems For In-Space Observations, Automated Control, 
and Robotics 

o Effective Space Application of Processor and Storage Technology 
Advances 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

INSTEP Technology Themes 

Theme 7 of 8 

in-space systems 

Background and Objectives 

Theme 7 of 8 


Theme Session Objectives and Prtoritization Criteria | 


Jon B. Haussler 

NASA Marshall Space Flight Center 

| 


• PURPOSE 

- IDENTIFY& PRIORITIZE IN-SPACE TECHNOLOGIES 

FOR EACH THEME WHICH: 

- Are critical for future national space programs 

- Require developments in-space validation 

- Obtain aerospace community comments & suggestions on 

OAST In-Step plans 

• PRODUCT 

- Aerospace community recommended 

PRIORITY LISTING OF CRITICAL SPACE TECHNOLOGY 
NEEDS & ASSOCIATED SPACE FLIGHT EXPERIMENTS 


IN-SPACE SYSTEMS 

THEME ELEMENTS 

(subthemes) 


Material Processing 
Maintenance, Repair and Fire Safety 
Payload Operations 
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INSTEP Technology Themes 

Theme 7 of 8 

in-space systems 

Background and Objectives 

Theme 7 of 8 


Theme Session Objectives and Prioritization Criteria 
Jon B. Haussler 

NASA Marshall Space Flight Center 


1985 Workshop Theme 


In-Space Operations 

- Advanced Life Support System 

- Biomedical Research 

- Tethers 

- Maintenance and Repair 

- Orbital Transfer Vehicle 

- System Testing 

- Propulsion 

- Material Processing 


theme session agenda 


• THEME ELEMENT SESSIONS 

- Critical Space Technology needs for theme element. 

From perspective of: 

- Industry, Universities & Government 

(Brief presentations of major technical problems/concerns/needs in this theme 

ELEMENT AREA FROM THE PERSPECTIVE OF THE SPEAKER’S ORGANIZATION) 

- Open Discussion with the audience & theme element 

speakers/theme leader 

- Question & Answer with Speakers 

- Identification of Additional Technologes from Audence 

- Audience Prioritization of Critical Technologies 

(Including those technologies discussed by the audience) 

(NOTE: Audience should use prioritization criteria presented on viewgraph) 

• COMBINATION & PRIORITIZATION OF THEME 

TECHNOLOGIES __ 

- Discussion between audience and all theme element speakers 

- Resolution of critical technologies across theme 
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OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

Background and Objectives 

Theme Session Objectives and Prioritization Criteria 

Jon B. Hausster 

NASA Marshall Space Right Center 

n 

| Material Processing Speakers __ 

- Dr. Robert J. Naumann, MSFC 

- Dr. David W. Sammons, University of Arizona 

- Dr. John T. Viola, Rockwell International 

| Maintenance and Repair Speakers 

- Mr. Ed Falkenhayn, GSFC 

- Mr. Bob 

Dellacamera, McDonnell Douglas 

| Fire Sa fety Speaker 

- Mr. Wallace W. Youngblood, Wyle Laboratories 

I Payload Operations Speakers 

— — — 

- Dr. Jeffrey A. Hoffman, JSC 

- Prof. George Morgenthaler, University of Colorado 

- Mr. Lee Lunsford, Lockheed 

L 
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INSTEP88 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.1 Materials Processing 

Materials Processing 


Larry Spencer 

NASA Headquarters, Microgravity Science and Applications Division 



MICROGRAVITY SCIENCE AND 
APPLICATIONS DISCIPLINES 


FLUID DYNAMICS AND METALS AND ALLOYS 

TRANSPORT PHENOMENA • MONOTECTICS 

• CRITICAL POINT PHENOMENA • EUTECTICS 

• SURFACE BEHAVIOR • UNDERCOOLING 

. CHEMICAL REACTION • SOLIDIFICATION FUNDAMENTALS 

• RELATIVITY * THERMOPHYSICAL PROPERTIES 

• TRANSPORT PHENOMENA BIOTECHNOLOGY 

• SOLIDIFICATION MODELS . NEW TECHNIQUE DEVELOPMENT 

GLASSES AND CERAMICS • EVALUATION OF CFES 

• NEW GLASS COMPOSITIONS * PROTEIN CRYSTAL GROWTH 

• FINING * BIOREACTOR 

. SPHERICAL SHELLS COMBUSTION SCIENCE 

• NUCLEATION/CRYSTALLIZATION . SOLID SURFACE 

ELECTRONIC MATERIALS * POOL BURNING 

• VAPOR GROWTH * PARTICLE CLOUD 

• MELT GROWTH * OROPLET BURNING 

• SOLUTION GROWTH 

• FLOAT ZONE 
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Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.1 Materials Processing 

Materials Processing 


Larry Spencer 

NASA Headquarters, Microgravity Science and Applications Division 



MICROGRAVITY SCIENCE AND APPLICATIONS 
TECHNOLOGY DEVELOPMENT 

• VIBRATION ISOLATION SYSTEMS (10 'g, 10 *Hz) 

• REACTIONLESS ROBOTICS 

• ADVANCED HIGH-TEMPERATURE FURNACES 

• HIGH-TEMPERATURE MATERIALS FOR FURNACES (3000°C) 

• HIGH-FRAME RATE/HIGH-RESOLUTION VIDEO (100 microns, 1000 FPS) 

• CRYSTAL GROWTH NUCLEATION DETECTION (10A) 

• NON-CONTACT TEMPERATURE MEASUREMENT CAPABILITY 
(5°K TO 2500°K) 

• ELECTRONIC CRYSTAL GROWTH MEASUREMENT TECHNOLOGY 

• FLUID AND COMBUSTION DIAGNOSTICS 

• ACCELERATION MEASUREMENT ( 10 g ) 
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INSTEP88 Workshop 



OAST Technology For the Future 

INSTEP Technology Themes 


Part 2: Critical Technologies 


Theme 7 of 8 

IN-SPACE SYSTEMS 

7.1 Materials Processing 

Theme 7 of 8 


Materials Processing — Cells and Cellular Products 

David W. Sammons 

University of Arizona 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 

SAMPLE PREPARATION AND PROCESSING 

O SAMPLE INJECTION 
O LIQUID MIXING DEVICES 

MAINTENANCE AND/OR CULTURE 

O GAS & TEMPERATURE CONTROLLED INCUBATORS 

SEPARATION OF CELLS (POPULATION & SINGLE) 

O ELECTROKINETIC 
O CELL SORTING 
O AFFINITY 


TRANSFER OF FLUIDS & CELLS INTO REACTOR AND 
OUT OF REACTOR 

O VALVING 
O PUMPING OF FLUIDS 


REACTION CHAMBERS 1 

O ELECTROFUSION/ELECTROPERMEATION 1 

O CELL ACTIVATION 

O HOLDING TANKS FOR SECRETION OF PRODUCTS | 


IN-LINE SEPARATION OF CELLS AND PRODUCTS 

O ELECTROKINETIC 
O CELL SORTING 
O AFFINITY 


RECYCLE UNREACTED CELLS TO MAINTENANCE AND/OR 
CULTURE 
O VALVING 
O PUMPING OF FLUIDS 

SPECIALIZED CLONING AND GROWTH CHAMBERS 

O AUTOMATIC DILUTORS 
O GELS AND SPECIAL GROWTH CHAMBERS 

ANALYSIS OF CLONES & ESTIMATION OF YIELDS 
O COLORIMETRIC, FLUOREMETRIC & RADIOACTIVE 

RECOVERY OF CELL PRODUCT FOR RETURN OR 
FURTHER PROCESSING 
O INCUBATORS 

O AFFINITY RESIN MATERIALS OF HIGH CAPACITY 
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Theme 7 of 8 

IN-SPACE SYSTEMS 

Theme 7 of 8 


7.2 Maintenance, Repair, and Fire Safety 


Maintenance, Servicing and Repair in Space 
EdFafcenhayn 


NASA Goddard Space Right Center, Satellite Servicing Project 


INTRODUCTION/ BACKGROUND 

; 1 

I CURRENT/ PLANNED MAINTENANCE & REPAIR CAPABILITY 


0 

PAYLOADS PLANNING ON STS, SPACE STATION OR OHV DOCKING WILL DOCK TO 
FSS THREE LATCH BERTHING RING 

0 

FSS BERTHING RING PROVIDES ELECTRICAL UMBILICAL SERVICES: 

- POWER 

- DATA 

- COMMAND 

0 

FSS BERTHING RING PROVIDES MECHANICAL POSITIONING 

- PIVOTS 0 TO 90° 

- ROTATION +17 5° 




OPERA TIONS/ FUNCT IONS 

O POSITIONING FOR INSPECTION AND EASE OF ACCESS 

O TOTAL OR SELECTIVE POWER-OFF TO PERMIT REPAIR AND/OR MODULE EXCHANGES 

O INDEPENDENT HEATER POWER TO MAINTAIN THERMAL LIMITS ON COMPONENTS/ 
INSTRUMENTS/SYSTEMS 

O COMMAND & TELEMETRY LINKS PERMIT SPACECRAFT/PAYLOAD CHECKOUT 

- FROM ORBITER AFT FLIGHT DECK 

- FROM USER’S POCC VIA ORBITER AVIONICS 

O AFTER SMH REPAIR IN 1984, DURING NIGHT, BETWEEN REPAIR DAY & RELAUNCH DAY, 
FULL SPACECRAFT FUNCTIONAL CHECK WAS PERFORMED 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


INSTEP Technology Themes 


IN-SPACE SYSTEMS 

7.2 Maintenance, Repair, and Fire Safety 

Maintenance, Sen/icing mid Repair in Space 


Theme 7 of 8 


Edftfcenhayn 

NASA Goddard Space Flight Center, Satellite Servicing Project 


FSS ELECTRICAL AND AVIONICS SERVICES 



DIAGNOS TIC SYSTEMS 


THE ON-BOARD COMPUTER - NSSC-1 


O ON-BOARD MANAGEMENT, AND UPDATING OF SPACECRAFT PERFORMANCE STATISTICS 
fc TREND DATA 

O AUTOMATIC RESPONSES TO PREDEFINED SPACECRAFT ANOMALI ES/H ARDWARE FAILURES 
SAFE HOLD 


O ALLOWS IN-FLIGHT TELEMETRY FORMAT MODIFICATIONS FOR DIAGNOSTICS AND 
RECONFIGURATION FOR OPTIMUM SCIENCE RETURN AS HARDWARE/ INSTRUMENTS 
AGE AND DEGRADE 
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Part 2: Critical Technologies 

IN-SPACE SYSTEMS 


INSTEP Technology Themes 


Theme 7 of 8 


7.2 Maintenance, Repair, and Fire Safety 
Maintenance, Servicing and Repair in Space 


EdFafcenhayn 

NASA Goddard Space Flight Center, Satellite Servicing Project 


BEMQT EL SERVICING . - _T1I EL. EXT £TEE 


MANY SPACECRAFT OPERATE BEYOND STS/OMV AND SPACE STATION/OMV ALTITUDE AND 
INCLINATION 

REMOTE SERVICING WILL USE ELV LAUNCHED SERVICING OPERATIONS; ENGINEERING 
STUDIES NEED TO ADDRESS: 

O INVESTMENT IN ELV LAUNCHED, EXPENDABLE SERVICER CAPABILITY 
O PROGRAMMATICS/ LOG I ST ICS/ ECONOMICS OF A SPACE BASED SERVICING FACILITY 

O SERVICER/SPACECRAFT INTERDEPENDENCY; SHUT DOWN/TRANSFER OF SPACECRAFT 

O 


o 


FUNCTIONS 

MANIPULATOR SYSTEM REQUIREMENTS/CAPABILITIES 

TELEOPERATOR VS SUPERVISED AUTONOMOUS VS AUTONOMOUS OPERATIONS 
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OAST Technology For the Future INSTEP Technology Themes 
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Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.2 Maintenance, Repair, and Fire Safety 

Spacecraft Fire Safety for Advanced Spacecraft 

Wallace W. Youngblood 

Wyle Laboratories 


BACKGROUND 


•EARLY SPACECRAFT (MERCURY THROUGH APOLLO) UTILIZED 
A PURE OXYGEN ATMOSPHERE AT 5 PSIA 

•SKYLAB UTILIZED AN ATMOSPHERE OF 65% OXYGEN, 

35% NITROGEN AT 5.2 PSIA 

•STS SHUTTLE & SPACELAB ADOPTED A SEA LEVEL AIR ATMOSPHERE 

•FIRE DETECTORS (UV SENSORS) FIRST USED ON SKYLAB 

•A PORTABLE FOAM FIRE EXTINGUISHER WAS PROVIDED ON 
THE APOLLO CSM 

•FIXED AND PORTABLE HALON 1301 EXTINGUISHANT SYSTEMS 
ADOPTED FOR STS SHUTTLE 

•DESIGN IS NOT FIRM FOR SPACE STATION 


•ALL ASPECTS OF SPACECRAFT FIRE SAFETY MUST BE REVISITED: 
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7.2 Maintenance, Repair, and Fire Safety 

Spacecraft Fire Safety for Advanced Spacecraft 

Wallace W. Youngblood 

Wyle Laboratories 


TECHNOLOGY NEEDS 

DATA BASE NEEDS FOR LOW GRAVITY IGNiTION/FLAME SPREAD: 

•CRITICAL HEAT FLUX REQUIRED FOR IGNITION 

•EFFECT OF RADIATION ENVIRONMENT 

•FLAME SPREAD RATE AND EXTINCTION LIMITS 

•FLAME CHARACTERISTICS: FLAME SHAPE, TEMPERATURE 

AND COLOR; RADIANT ENERGY; SOOT GENERATION 


UPGRADED MATERIAL FLAMMABILITY STANDARDS: 

•EXPANDED DATA BASE NEEDED FOR MATERIAL IGNITION 
AND FLAME SPREAD IN LOW GRAVITY 

•STANDARDS NEEDED FOR CONFIGURATION MODELING 

•DEVELOPMENT OF CORRELATIONS FOR LOW GRAVITY FLAMMABILITY 

•UNIFORM FLAMMABILITY TESTS FOR NASA, ESA, NASD... 


FIRE DETECTION DEVICE NEEDS: 

•FIRE DETECTION IS REQUIRED AT EARLIEST STAGE OF EVENT 

•RAPID RESPONSE OVERHEAT AND INCIPIENT CONDITION DETECTORS 

•LOW-GRAVITY DATA BASE NEEDS: 

-FLAME CHARACTERISTICS 

-SMOKE PARTICLE SIZE AND SIZE DISTRIBUTION 

-DETECTABLE AEROSOLS DUE TO OVERHEAT 

•MEANS FOR MINIMIZATION OF FALSE ALARMS: 

-EXPERT SYSTEMS REQUIRED 

-SPECIAL SYSTEMS FOR CREW ALERTING 

-ARTIFICIAL FIRE SIGNATURE GENERATORS 


FIRE EXTINGUISH ANTS AND SYSTEMS: 

•MUST BE COMPATIBLE WITH SPACECRAFT SYSTEMS 

•MUST BE EFFECTIVE ON ALL FIRE SCENARIOS INCLUDING 
HYPERBARIC REGIONS 

•DATA BASE REQUIRED FOR EXTINGUISHANT USE: 

-SEVERITY OF TOXIC PRODUCTS RESULTING FROM 
VARIOUS FIRE INTERACTION SCENARIOS 
-EFFECTIVENESS OF EXTINGUISH ANTS VERSUS 

FLAME TEMPERATURE AND OXYGEN CONCENTRATION 
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OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies 

Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.2 Maintenance, Repair, and Fire Safety 

Maintenance, Servicing and Repair In Space 


Bob Delacamera 

McDonnell Douglas Space Systems Company 


TECHNOLOGY NEEDS 

DEVELOP TECHNOLOGIES FOR SUPPORTING INFRASTRUCTURE 

• ROBOTICS 

. EVA SUITS 

- COGNITIVE CAPABILITIES 

- SPACE BASING 

- SERVICE ROBOTS 

- MORE HARDNESS 


- LESS MAINTENANCE 

• COMPOSITE REPAIR 

• CONSUMMABLES 

- TRUSS 

- CRYO PUMPING 

- PRESSURE SHELLS 

- CRYO STORAGE 


* INSULATION 

• TECHNICAL DATA 

* RELIQUIFACTION 

- FORMAT/ACCESS 

- TOXIC FLUIDS 

- PRESENTATION/STORAGE 

- DECONTAMINATE THE 

- UPDATES 

REFUELER 


IN-SPACE EXPERIMENT NEEDS/VOIDS 


• INSTITUTIONALIZE MAINTENANCE, SERVICING & REPAIR 
BY DEMONSTRATION 

-MANNED -ROBOTIC 

-COMBINATION 


• MAINTAIN, SERVICE & REPAIR AT HIGH INCLINATION AND 
POLAR ORBITS 


• DEMONSTRATE MAINTENANCE, SERVICING & REPAIR 
HARDWARE FOR: 

-REFUELING 

-SELF-CONTROLLED ROBOTS 
-MANNED POLAR OPERATIONS 
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TECHNOLOGY NEEDS 

USE OF SPACE AS A LABORATORY 

• MUST BALANCE UNIQUENESS OF ENVIRONMENT AGAINST OUR ACCUMULATED 
KNOWLEDGE OF HOW TO OPERATE IN A LAB. 

• INTERACTIVE CREW OPERATIONS VS. AUTOMATION 

- USE OF HUMANS IS MOST VALUABLE DURING EARLY STAGES OF INVESTIGATIONS. 

- INCREASED UNDERSTANDING OF p-g PHENOMENA ALLOWS INCREASED USE OF 
AUTOMATION TO CREATE GREATER EFFICIENCY. 

• EFFICIENT USE OF CREW TIME IS UNIQUE TO SPACE ENVIRONMENT 

- SPACE STATION MAY HAVE LESS CREW TIME THAN SHUTTLE 

- OBSERVE EXPERIMENTS IN PROGRESS 

- CHANGE PROTOCOL WHERE NECESSARY 

- REPAIR OR ALTER HARDWARE 

• CLOSE UNION OF SCIENTIFIC ACTIVITIES ON GROUND AND ORBIT IS ESSENTIAL 
TELESCIENCE 

• HIGH DENSITY DATA AND COMMAND LINKS FOR GROUND OPERATIONS 

- VARIABLE FORMAT TV: RESOLUTION VS. SPEED VS COLOR. 

• EXPERIMENT DESIGN TO ALLOW EFFICIENT USE OF ONBOARD CREW 
• VISIBILITY 

- ACCESSIBILITY 

• MAXIMIZE ABILITY TO REPEAT EXPERIMENTS AND ALTER VARIABLES. 

• EXPERT SYSTEMS TO ASSIST CREW AND GROUND. 

• FOR MATERIALS SCIENCE, SAMPLE RETURN CAPABILITY (SPACEMAIL) 

SUMMARY 

• BALANCE BETWEEN SCIENTIFIC RESERCH AND SPACEFLIGHT OPERATIONS 

• EARLY INVOLVEMENT OF CREW CAN ENHANCE EXPERIMENTS 




INSTEP88 Workshop _ 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Cr itical Technologies 

Theme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.3 Payload Operations 

Orbit Assembly Node 

Tom Styczynski / Lee R. Lunsford 

Lockheed Missiles & Space Company, Inc. 


INTRODUCTION / BACKGROUND 

OBJECTIVE: ASSEMBLY, VERIFICATION, SERVICING, REPAIR k CORRECTION, AND 

REFURBISHMENT. 

MISSIONS: 

* PLANETARY EXPLORATION MISSIONS - UNMANNED: PRECURSOR MISSION TO PLANETS AND 

MOONS WITHIN TOE SOLAR SYSTEM. 

* PLANETARY EXPLORATION MISSIONS - MANNED: LARGE TRANSIT VEHICLES, REFUELING k 

REFURBISHMENT STATIONS, etc. 

* MISSION TO PLANET EARTH - ASSEMBLY AND TRANSFER OF VEHICLES TO SYN-EQ. 

* LARGE SOLAR ELECTRIC ENERGY SYSTEMS. 

* SPACE BASED MANUFACTURING k SERVICE FACILITIES. 


TECHNOLOGY NEEDS 

orbit assembly area concept 

CRITICAL FUNCTIONS 

* PRECISION SCHEDULING. 

* SEIE-OONTAINED, AUTONOMOUS CHECK-OUT AND HEALTH STATUS. 

* AUTONOMOUS STABILIZATION FOR ASSEMBLY OF ADDITIONS COMPONENTS, ETC. - docking, 
berthing, positioning, orientation. 

* PRECISION PLACEMENT: MICRO NAVIGATION, PRECISION ALIGNMENT AND ORIENTATION 

* VISION CONTROL - focus, alignment, field of view, and shielding from the sun. 

* AUTONOMOUS ASSEMBLY (ROBOT ASSEMBLY), TEIE-ROBOTIC ASSEMBLY, k EVA ASSEMBLY. 

* FUELING OR TOPPING OFF - PROPELLANT DEPOT OR TANKER 

* PROTECTION OR HARDENING OF ASSEMBLY FROM SPACE DEBRIS AND SOLAR ILLLMINATION . 

* VERIFICATION OF PROPER ASSEMBLY - PNEIMATIC, STRUCTURAL, etc. 
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SUMMARY / RECOMMENDATIONS 


* SYSTEM TRADES: 

- ASSEMBLY FACILITY VS. ASSEMBLY AREA WITH ENHANCED SPACE STATION 

- ORBITAL PROPELLANT DEPOT VS. TRANSPORT WITH PROPELLANT A TOP OFF FROM TANKER 

* CRITICAL TECHNOLOGIES: 

- NETWORKING, SOFTWARE, A SQJSORS FOR AUTONOMOUS CHECK-OUT AND HEALTH STATUS. 

- VISION CONTROL - CLOSED LOOP AOQ. , RECOGNITION, LOCATION, A EVALUATION. 

- PRECISION PLACEMENT - MICRO NAVIGATION, PRECISION ATTITUDE CONTROL, AUTONOMOUS 
STABILIZATION TO SUPPORT PLACEMENT. 

- VERIFICATION OF ASSEMBLY FUNCTIONS. 

* IN-SPACE EXPERIMENTATION 

- SELF CONTAINED CHECK-CUT AND HEALTH STATUS WITH CAPABILITY OF INTONATION INTO 
THE NEXT HIGHER UNIT. 


AUTONOMOUS PRECISION PLACEMENT AND ASSEMBLY 
AUTONOMOUS REPLAC01ENT OF COMPONENTS k SUB-ASSEMBLIES 
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INSTEP Technology Themes 


Theme 7 of 8 IN-SPACE SYSTEMS 

7.3 Payload Operations 

In-Space Systems: Space Construction and Payload Operations 


Theme 7 of 8 


George W. Morgen thaler 

University of Colorado, Aerospace Engineering Sciences Dept., Center for Space Construction 


Humanity is entering 2nd FRA of the Space Age: 
1st Fra: 


1957-1987 


2nd Era: 


3rd Era: 


1987-2027 


lion. 2027-- 


• Parallel to man's Arctic and Antarctic activities: 

Visit the Poles; Establish scientific bases; Alaskan pipeline; 

Canadian Arctic Center 

• Long-term Space Mission Planntng-- ma n v destinations, many decades: 

National Commission on Space Report, 1986 
Dr. Sally Ride's Report, 1987 
NASA's Pathfinder Program 

President Reagan's National Space Policy, 1988 
Consensus: Explore and utilize the Solar System; develop space commercially. 

• Space Program Philosophy: 

Building ilLuik Approach; 

International participation; 


Mission Model Identified: 

Large unmanned laboratories, antenna arrays, telescopes, etc. 
Mission to Planet Earth (Remote Sensing) 

Space Stations and Platforms 

On-orbit Assembly of Manned Interplanetary Spacecraft 
Lunar Base 
Mars Base 


* Demands for increased scientific data operations 

* Space construction instead of delivering entire space structure at one launch 

* Astronaut work limitations 


Astronaut environmental protection required 
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INSTEP Technology Themes 


Theme 7 of 8 IN-SPACE SYSTEMS 

7.3 Payload Operations 

In-Space Systems: Space Construction and Payload Operations 


Theme 7 of 8 


George W. Morgen thaler 

University of Colorado, Aerospace Engineering Sciences Dept., Center for Space Construction 


• Orbital logistics needs - Determine optimum mix of launch vehicles: 
large vs small, unmanned vs man-rated 

• Telecommunication needs: 

Construction phase telecommunication 

improve telecommunication for operations and experiment telescience (OASIS) 

• In-space Construction and Operation needs: 

Type and intelligence (autonomy) of robots? 

Bionic devices for astronauts? 

Optimum astronaut/robot mix? 

• Space Environment protection needs: 

* met eoroid /d ebr is 
radiation 
thermal 
pressure 



The time-delay problem 


The security blanket problem 


• The Steady-State Telecommunications System design problem 

• The emergency support problem: equipment failure/medical crisis- 

A1 implications 


The Tower of Babel Problem 
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7.3 Payload Operations 

In-Space Systems: Space Construction and Payload Operations 


George W. Morgen thaler 

University of Colorado, Aerospace Engineering Sciences Dept, Center for Space Construction 



• Telecommunications System 

Develop and test Telecommunications System for Space Construction Phase 
Experiment with time-delay command-control 

• OASIS system development and test (for operating space experiments) 

• ET Space Experiments: 

Lower-Thermosphere Density Experiment 
Space M eteoroid/Debris monitoring experiment 
Fluid vibration generation experiment 
Space thruster experiment 
Explosive fastening experiment 

• Macro-Planning Model Development 



• Plans for Space Construction Needs as well as Space Operations Needs. 

• Develop standardized Construction-Phase and Steady-State Telecommunications 
for transmission of voice, video, data, computer, teleoperators commands in 
presence of time delays. 

• Develop and Test a 1990's, user-friendly, teleoperator/telescience work-station, 
e.g., OASIS, 

• Utilize the ET as well as ELV's and Shuttle Orbiter to provide knowledge of Space 
Environment. 

• Develop a Macro-Planning Model for optimizing planning of a multi-year, 
multi-destination Space Program Mission Model. 
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MAINTENANCE, REPAIR AND FIRE SAFETY 


PRIORfTY; 

1. DEMONSTRATION AND VALIDATION OF CAPABILITY TO REPAIR 
UNEXPECTED EVENTS 


1. INVESTIGATION OF LOW-G IGNITION, FLAMMABILITY/FLAME SPREAD 
AND FLAME CHARACTERISTICS 


2. DEMONSTRATION AND VALIDATION OF FLUID REPLENISHMENT 
TECHNIQUES 


2. UNDERSTAND BEHAVIOR OF FLAME EXTINGUISH ANTS IN 
SPACE ENVIRONMENT 


3. DEMONSTRATE ROBOTIC MAINTENANCE AND REPAIR CAPABILITY 


CONSENSUS INTERESTING IDEA: 
SIMULATED ACCIDENT SCENARIOS 





INSTEP Technology Themes 


INSTEP88 Workshop 

j OAST Technology For the Future 

Part 2: Critical Technologies 

Tlieme 7 of 8 IN-SPACE SYSTEMS Theme 7 of 8 

7.3 Payload Operations 

In-Space Systems Critical Technology Requirements 

Jon B. Haussler 

NASA Marshall Space Flight Center 


PAYLOAD OPERATIONS 

PRIORfTY: 

1. DEMONSTRATION AND VALIDATION OF TELESCIENCE TECHNIQUES 

2. DEMONSTRATION OF AUTONOMOUS CHECKOUT, 

PLACEMENT AND SPACE CONSTRUCTION 


CONSENSUS CONCERNS: 

- RAPID SAMPLE RETURN 

- ORBITAL DEBRIS 
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THEME SESSION OBJECTIVES 

PURPOSE 

o Identify & Prioritize In-Space Technologies for 
Humans In Space Which: 

Are Critical for Our Future Space Programs, & Need 
Development & In-Space Validation. 

o Obtain Aerospace Community Comments & 
Suggestions on OAST IN-STEP Plans 


PRODUCT 

Aerospace Community Recommended Priority Listing of 
Critical Space Technology Needs & Associated Space 
Flight Experiments 





INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 

INSTEP Technology Themes 
. 

Theme 8 of 8 

HUMANS IN SPACE 

Background and Objectives 

Theme 8 of 8 


Overview: EVA, Performance, Life Support Systems 
Remus Bretoi 

NASA Ames Research Center 


DESCRIPTION OF THEME & THEME ELEMENTS 

EVA/SUIT 

HUMAN PERFORMANCE 
CLOSED-LOOP LIFE SUPPORT SYSTEMS 


EVA/SUIT 


SUITS & EQUIPMENT 


Pressure Suit Technology 
Glove Technology 
End-Effector Technology 
Mobility Aids 
Tools 

Displays & Controls 
Interfaces 

PORTABLE LIFE SUPPORT SYSTEMS 


Thermal Control 
Atmosphere Control 
Automated Control Technology 
Display Technology 
Regeneration Equipment 


GISTICS 


UPPORT 


Diagnostics 
Displays & Controls 
Maintenance & Repair 
Inventory Management & Supply 
Information Management 
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Background and Objectives 

Overview: EVA, Performance, Life Support Systems 


INSTEP Technology Themes 


Theme 8 of 8 


Remus Bretoi 

NASA Ames Research Center 


HUMAN PERFORMANCE 


CREW & ENVIRONMENTAL FACTORS 

Organization and Management 
Crew Coordination 
Environmental & Mission Task 
Training and Intervention 

HUMAN-MACHINE INTERACTION 

Crew Support and Enhancement 
Human-Automation-Robotics (HAR) 




ARTIFICIAL GRAVITY 


Rotation Rate 

Intermittent G vs Continuous Exposure 
Partial G and G Threshold 
Structural Facility Impact 




Electromyostimulation 
Pharmacological Tests 
Autogenic Feedback 
Pre-Adaptation Training 
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HUMANS IN SPACE 

Background and Objectives 
Overview: EVA, Performance, Life Support Systems 

Remus Bretoi 

NASA Ames Research Center 


Theme 8 of 8 


CLOSED-LOOP LIFE SUPPORT SYSTEMS 


PHYSICAL/CHEMICAL CLOSED-LOOP LIFE SUPPORT 

Water Reclamation 
Waste Management 
Thermal Control 

Monitoring & Control Instrumentation 
Air Revitalization 


THEME BACKGROUND 
TECHNOLOGY DEVELOPMENT 


HUMANS IN SPACE was not a theme in the 1985 Workshop. 
It is a new addition to the IN-STEP / Outreach Program. 

RELATED STUDY EFFORTS resulting from the 1985 
Workshop were: 

Spatial Perception Auditory Referencing 
Microbiology Monitor 

Closed-Loop Nutrient Solution Delivery System 
Water Electrolysis Operation 
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INSTEP Technology Themes 


HUMANS IN SPACE 

Background and Objectives 
Overview: EVA, Performance, Life Support Systems 

Remus Bretoi 

NASA Ames Research Center 


Theme 8 of 8 


AGENDA 




PACE TECHNOLOGY & IN-SPACE 


EXPERIMENTS NEEDS 


EVA/SUIT PRESENTATIONS 


Bruce W. Webbon / Bernadette Squire (NASA-ARC) 

H. Thomas Fisher (Lockheed Corporation) 

David L. Akin (MIT, Aeronautics and Astronautics Dept) 

EVA/SUIT OPEN DISCUSSION 


Questions & Answers With Speakers 

Identification of Additional Technologies/Experiments 

HUMAN PERFORMANCE PRESENTATIONS 


Barbara Kanki (NASA-Ames Research Center) 
Lawrence G. Lemke (NASA-HQ / Office of Exploration) 
Wm. Russell Ferrell (University of Arizona, Tucson) 




Questions & Answers With Speakers 

Identification of Additional Technologies/Experiments 
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HUMANS IN SPACE 

Background and Objectives 

Overview: EVA, Performance, Life Support Systems 
Remus Bretoi 

NASA Ames Research Center 


Theme 8 of 8 


AGENDA 


LOSED-LOOP LIFE SUPPORT SYSTEMS 
PRESENTATIONS 


Robert D. MacElroy (NASA - Ames Research Center) 
Richard L. Olson/Thomas J. Slavin (Boeing Aerospace) 
Marvin Luttges (University of Colorado, Boulder) 




3SED-LOOP LIFE SUPPORT SYSTEMS OPEN 
Questions & Answers With Speakers 
Identification of Additional Technologies/Experiments 






PRIORITIZE CRITICAL TECHNOLOGIES (AUDIENCE) 
COMBINE & PRIORITIZE THEME TECHNOLOGIES 


THEME LEADER PRESENTATIONS TO GENERAL SESSION 
WORKSHOP WRAP-UP 
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HUMANS IN SPACE 

Background and Objectives 

Overview: EVA, Performance, Life Support Systems 

Remus Bretol 

NASA Ames Research Center 


Theme 8 of 8 


©iRUnTEKOA* 

1. CRITICAL ENABLING TECHNOLOGIES 
Technologies critical for future space missions 

2. COST REDUCTION TECHNOLOGIES 
Technologies which can decrease costs or complexity 
(e.g., development, opns, life-cycle) 

3. BROAD APPLICATION TECHNOLOGIES 
Technologies which can improve or enhance a variety of 
space missions 

4. REQUIRE IN-SPACE VALIDATION 

Technologies which require the space environment or 
micro-gravity for validation or experimentation 









INSTEP08 Workshop 

OAST Technology For the Future INSTEP Technology Themes 

Part 2: Critical Technologies | 

Theme 8 of 8 HUMANS IN SPACE Theme 8 of 8 

8.1 EVA /Suit 

EVA Technology 

Dr. Bruce W. Webbon / Bernadette Squire 

NASA Ames Research Center, Crew Research and Space Human Factors Branch 

INTRODUCTION/BACKGROUND 

CURRENT EVA SYSTEM LIMITATIONS 

• Low working pressures (productivity impacts) 

• Limited mobility 

• Marginal crew comfort 

• Marginal glove acceptability 

• Large consumable mass 

• Maintenance and servicing 

• Protection from environmental hazards 

• Bends risk 

• High life-cycle costs 

• Growth potential 

• Working period limitations 

• Sizing repeatability 


TECHNOLOGY NEEDS 
SYSTEMS STUDIES 

• MISSION REQUIREMENTS DEFINITION 

Environmental, Task, Design Reference Mission 

• HUMAN REQUIREMENTS DEFINITION 

Human Factors, Physiological, Medical 

• EVA WORK SYSTEMS INTEGRATION 

Modeling, Trade Studies, Interface Definition, 
Logistics, Support, Test Requirements 





TECHNOLOGY NEEDS 


PORTABLE LIFE SUPPORT SYSTEM (PLSS) 

• THERMAL CONTROL SYSTEMS 

Heat Storage, Acquisition, Transport, Rejection 

•ATMOSPHERE CONTROL 

02 Supply, C02 Control, Trace Contaminant 
Control, Humidity Control 

• MONITORING & CONTROL 

Automated Control, Display Technology 

• SYSTEM INTEGRATION 

Support Equipment and Interfaces 


EVA SUITS & EQUIPMENT 

• PRESSURE SUIT TECHNOLOGY 

Materials, Structures, Components, Mobility 
Elements 

. GLOVES & END-EFFECTORS 

. EVA ANCILLARY EQUIPMENT 

Mobility Aids, Tools, Displays & Controls, 
Work System Interfaces 

. SYSTEM INTEGRATION & TEST 
Logistics & Support 
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HUMANS IN SPACE 

8.1 EVA /Suit 

Extra-Vehicular Activity / Suit 


H.T. Fisher 

Lockheed Missiles & Space C o., Inc., Astronautics Division, Space Station Program 


1. THERE IS NO DOUBT EVA IS A CRITICAL TECHNOLOGY TO NASA 
CURRENT SPACE ACTIVITIES AND FUTURE MISSION PLANS 

2. EVA HAS UNIVERSAL APPLICABILITY A MULTI-MISSION UTILITY 

3. PRESENT EVA TECHNOLOGY IS EVOLVING TO ENHANCE: 


• CREW PRODUCTIVITY 

• RISK REDUCTION 


• MISSION FLEXIBILITY 
■ ALTERNATIVE PATHS 


4. NASA A DoD MAY SHARE COMMON NEEDS - E.G., CANDIDATE DoD 
MILITARY MANNED SPACE OPERATIONS 

5. CERTAIN EVA TECHNOLOGIES ARE WELL UNDERWAY WMLE OTHERS 
ARE LAGGING OR ARE NOT BEING WORKED 

6. MOST ADVANCED EVA PROGRAM EFFORT IS WITHIN THE NASA 
WITH LITTLE AEROSPACE/COMMERCIAL INDEPENDENT VENTUHES 

7. LIMITED, BUT IMPORTANT ADVANCED EVA PLANETARY STUDY 
WORK IS JUST BEING INITIATED & MORE IS PLANNED (7) VIA 
PATHFINDER - NASA-JSC/AMES 

8. IT APPEARS PRUDENT TO RE-ASSESS WHERE EVA TECHNOLOGY IS HEADED 






EVA ENCLOSURE A LIFE SUPPORT 

EXTENDED PERSONAL LIFE SUPPORT SYSTEM DURATION 
RAPID CREW 'IN-SITU' SUIT SERVICING 
PROTECTION AGAINST RADIATION HAZARDS 
RAPID EVA ACCESS - LSS COMPATIBILITY WITH S/C 
ENHANCED AUDIO/HEADS-UP DISPLAY & WRIST CUFF 



EVA SUPPORT EQUIPMENT 

SMALL LT-WT PORTABLE HYPERBARIC TREATMENT UNIT 
SMALL LT-WT PORTABLE AIRLOCK 

SMALL LT-WT PORTABLE SURFACE TRANSPORTER (EV CREW/EQUIP) 

SMALL LT-WT PORTABLE RADIATION/THERMAL/WIND SHELTER 

MULTI-PURPOSE EVA WORK STA. & MOTORIZED FOOT RESTRAINT 

CREW & EQUIP TRANSPORTER & POSITIONING AID 

CREW & EQUIPMENT RECOVERY/RETRIEVAL UNIT 

ADVANCED MANEUVERING UNIT 

EMERGENCY SUIT LIFE JACKET’ 

EMERGENCY EVA SURVIVAL GEAR 
SUIT CONTAMINATION DETECTION & CLEANING UNIT 
DEBRIS/LOOSE EQUIP. HANDLING AIDS/STOWAGE UNITS 
ADVANCED POWER TOOLS FOR EVA 
PORTABLE EVA EXPER/SURVEY/SAMPLE KIT 
PORTABLE MULTI-PURPOSE AVIONIC UNIT 
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HUMANS IN SPACE 

8.1 EVA /Suit 

Extra-Vehicular Activity / Suit 


Theme 8 of 8 



H.T. Fisher 

Lockheed Missiles & Space Co., Inc., Astronautics Division, Space Station Program 


DEVELOPMENT FACTORS - 


DEVELOPMENT ELEMENTS 


MISSION CRITICALITY 


FUNDING LEVEL 


NEED DATE 


STATUS 


EVA ENCLOSURE & LIFE SUPPORT 
EXTENDED LSS DURATION 
RAPID CREW TN-SITU' SUIT SERVICING 
PROTECTION AGAINST RADIATION HAZARDS 
RAPID EVA ACCESS - LSS COMPATIBILITY WITH S/C 
ENHANCED AUDIO/HEADS-UP DISPLAY & WRIST CUFF 

EVA SUPPORT EQUIPMENT 
SMALL LT-WT PORT. HYPERBARIC TREATMENT UNIT 
SMALL LT-WT PORTABLE AIRLOCK 
SMALL LT-WT PORT. SURFACE TRANSPORTER 
SMALL LT-WT PORT. RAD/THERMAL/WIND SHELTER 
MULTI-PURPOSE EVA WORK STA. & MOTOR. FT RESTR. 
CREW & EQUIP TRANSPORTER & POSITIONING AID 
CREW & EQUIPMENT RECOVERY/RETRIEVAL UNIT 
ADVANCED MANEUVERING UNIT 
EMERGENCY SUIT ’LIFE JACKET’ 

EMERGENCY EVA SURVIVAL GEAR 
SUIT CONTAMINATION DETECTION & CLEANING UNIT 
DEBRIS/LOOSE EQUIP. HANDLING AIDS/STOW. UNITS 
ADVANCED POWER TOOLS FOR EVA 
PORTABLE EVA EXPER/SURVEY/SAMPLE KIT 
PORTABLE MULTI-PURPOSE EVA AVIONIC UNIT 


H 96 R&D(P) 

H 96 R&D(P) 

M-H 2000 R&D<P) 
H 96 R&D 

M-H 9 5 R&D 


H 2000 
H 2000 
M-H 2005 
H 2005 


M-H 2005 
M-H 2 
H 95 
L-M 98 
98 

2005 
2005 


R&D 

STUDY 

STUDY 

STUDY 

R&D(P) 

R&D(P) 

R&D(P) 

STUDY 

STUDY 

STUDY 

R&D(P) 

STUDY 

R&D(P) 

STUDY 

STUDY 



L - LOW M * MODERATE H • HIGH 


— DEVELOPMENT FACTORS — 

DEVELOPMENT ELEMENTS \ 


EVA ENCLOSURE A LIFE SUPPORT 

. RAPID EVA ACCESS-LSS COMPAT. WITH 14.7 PSIA CREW COMPT. 

• RAPID CREW 1N-SITU' SUIT SERVICING 

• EXTENDED PERSONAL LIFE SUPPORT SYSTEM DURATION 

• PROTECTION AGAINST RADIATION HAZARDS 

• ENHANCED AUDIO/HEADS-UP DISPLAY & WRIST CUFF 


TECHNOLOGY 

STATUS/VOIDS 


TECH IN WORK* 
TECH IN WORK* 
TECH IN WORK* 
TECH IN WORK* 
TECH IN WORK 


EVA SUPPORT EQUIPMENT 

• CREW & EQUIPMENT RECOVERY/RETRIEVAL UNIT 
. SUIT CONTAMINATION DETECTION & CLEANING UNIT 

• ADVANCED MANEUVERING UNIT 

• MULTI-PURPOSE EVA WORK STA. & MOTORIZED FOOT RESTRAINT 

• CREW & EQUIP TRANSPORTER & POSITIONING AID 

• SMALL LT-WT PORTABLE HYPERBARIC TREATMENT UNIT 
. SMALL LT-WT PORTABLE AIRLOCK 
. EMERGENCY SUIT 'LIFE JACKET’ 

. EMERGENCY EVA SURVIVAL GEAR 

• ADVANCED POWER TOOLS FOR EVA 

• DEBRIS/LOOSE EQUIP. HANDLING AIDS/STOWAGE UNITS 

• SMALL LT-WT PORTABLE SURFACE TRANSPORTER-EVA CREW/EQUIPjMIN ON GOING WORK 

• SMALL LT-WT PORTABLE RADIATION/THERMAL/WIND SHELTER ITECH VOID 

• PORTABLE MULTI-PURPOSE AVIONIC UNIT |NO SIG ON GOING WORK 

!. PORTABLE EVA EXPER/SURVEY/SAMPLE KIT ■ 


TECH. IN WORK BUT NOT CONSIDERED FIRM FOR IMMEDIATE ELEMENT RDT&E GO-AHEAD 


SOME NEW TECH NEEDED 
TECH VOIO 

TECH BUILD-ON/NO ONGO 
SOME NEW TECH NEEDED 
BREADBOARD-WK REQD 
TECH IN WORK* 

NO ONGO WK+TECH VOID 
NO ONGO WK+TECH VOID 
NO ON GOING WORK 
SOME NEW TECH-WK REQ 
NO SIG. ON GOING WORK 
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Theme 8 of 8 HUMANS IN SPACE 

8.1 EVA /Suit 

Extra-Vehicular Activity / Suit 

Theme 8 of 8 

H.T. Fisher 

Lockheed Missiles & Space Co., Inc., Astronautics Division, Space Station Program 


EVA ENCLOSURE A LIFE SUPPORT 

DEMONSTRATE RAPID SUfT DON A EV EGRESS IN 14.7 PSiA ENVIRONMENT 
DEMONSTRATE A VALIDATE AUTOMATED’ A SHORT-TURN AROUND ON-ORBIT SUIT SERVICING 
DEMONSTRATE EXTENDED SUIT LIFE SUPPORT SYSTEM DURATION A UTILITY BENEFITS 
DEMONSTRATE ALTERNATIVES IN 0-G AGAINST RADIATION HAZARDS 

DEMONSTRATE BASIC A/OR ALTERNATIVES TO AUDIO/DISPLAYED INFORMATION TO THE CREW 



EVA SUPPORT EQUIPMENT 

' DEMONSTRATE A VALIDATE ZERO/LOW-G CREW/EQUIPMENT RECOVERY/RETRIEVAL UNIT 

• DEMONSTRATE CONTAMINATION ACQUISITION, VALIDATE SPECIES IDENT., A EVAL. REMOVAL TECHNIQUES 

• DEMONSTRATE A VALIDATE ZERO/LOW-G ADVANCED MANEUVERING UNIT 

■ DEMONSTRATE A EXAMINE RANGE OF MULTI-PURPOSE EVA WORK STA. A MOTORIZED FOOT RESTRAINT 
DEMONSTRATE, EVAL. UTILITY/HANGE, A ASSESS PWR/UNPOWERED CREW/EOUIP XPORTER/POSITION AID 
DEMONSTRATE A VALIDATE SMALL LT- WEIGHT PORTABLE HYPERBARIC TREATMENT UNIT 
DEMONSTRATE A VALIDATE SMALL LT-WEK3HT PORTABLE AIRLOCK 
EXAMINE A ASSESS ALTERNATIVES FOR A SUIT LIFE JACKET’ 

DEMONSTRATE A ASSESS CAPABILITY A UTILITY OF EVA SURVIVAL GEAR 

DEMONSTRATE A ASSESS EVA POWER TOOLS, E G., CUTTERS, DRILLS. WELDERS, BONDERS, ETC. 
DEMONSTRATE A ASSESS UTILITY A SAFETY OF DEBRIS/LOOSE EQUIP, HANDUNG AIDS/STOWAGE UNITS 
DEMONSTRATE A ASSESS UTILITY OF MULTI-TERRAIN SMALL LT-WT PORT. SURFACE TRANSPORTER 
DEMONSTRATE A ASSESS SET-UP/USE OF RAPID DEPLOY ZERO/LOW-G RAO/THERMAUWIND SHELTER 
DEMONSTRATE UTILITY A VALIDATE PORTABLE MULTI-PURPOSE AVIONIC UNIT 
DEMONSTRATE UTILITY A FLEXIBILITY OF PORTABLE EVA EXPER/SURVEY/SAMPLE KIT 


PRIORITY 


DEVELOPMENT ELEMENTS 


EVA ENCLOSURE A LIFE SUPPORT 

» RAPID EVA ACCESS-LSS COMPAT. WITH 14.7 PSIA CREW COMPT. 

* RAPID CREW ’IN-SITU' SUIT SERVICING 

> EXTENDED PERSONAL LIFE SUPPORT SYSTEM DURATION 

• PROTECTION AGAINST RADIATION HAZARDS 

> ENHANCED AUDIO/HEADS-UP DISPLAY & WRIST CUFF 

EVA SUPPORT EQUIPMENT 

CREW t EQUIPMENT RECOVERY/RETRIEVAL UNIT 
SUIT CONTAMINATION DETECTION & CLEANING UNIT 
ADVANCED MANEUVERING UNIT 

MULTI-PURPOSE EVA WORK STA. & MOTORIZED FOOT RESTRAINT 
CREW & EQUIP TRANSPORTER & POSITIONING AID 
SMALL LT-WT PORTABLE HYPERBARIC TREATMENT UNIT 
SMALL LT-WT PORTABLE AIRLOCK 
EMERGENCY SUIT LIFE JACKET’ 

EMERGENY EVA SURVIVAL GEAR 

ADVANCED POWER TOOLS FOR EVA 

DEBRIS/LOOSE EQUIP. HANDLING AIDS/STOWAGE UNITS 

SMALL LT-WT PORTABLE SURFACE TRANSPORTER (EVA CREW/EQUIP) 

SMALL LT-WT PORTABLE RADIATION/THERMAL/WIND SHELTER 

PORTABLE MULTI-PURPOSE AVIONIC UNIT 

PORTABLE EVA EXPER/SURVEY/SAMPLE KIT 
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Theme 8 of 8 HUMANS IN SPACE 

8.1 EVA /Suit 

Extra-Vehicular Activity / Suit 

Theme 8 of 8 

H.T. Fisher 

Lockheed Missiles & Space Co., Inc., Astronautics Division, Space Station Program 



SUMMARY 

1. NASA & CANDIDATE DoD MANNED MISSIONS PRESENTED & TECHNOLOGY 
NEEDS RELATED TO EACH AND TO NASA 'MODEL 1 SCHEDULE 

2. TECHNOLOGY NEEDS IDENTIFIED AND DEVELOPMENT FACTORS INDICATED 

3. RATIONALE FOR EVA SYSTEM HDWR DEVELOPMENT PORTRAYED 

CONCLUSIONS 

t. TOTAL7ALL-UP SUIT TECHNOLOGY NOT YET IMMEDIATELY READY FOR 
FULL RDT&E PUSH 

« TECHNOLOGY IS BEING WORKED HARD AT NASA-JSC/AMES 

2. MANY EVA EQUIP. ELEMENTS IN BRASSBOARD DEVELOPMENT STATE 

3. CERTAIN EVA EQUIPMENT NOT BEING WORKED RELATIVE TO MISSIONS 
IMMEDIATELY BEYOND FREEDOM SPACE STATION ASSEMBLY 

4. MANY STATION EVA ELEMENTS LEND THEMSELVES TO ORBITER 
PRECURSOR FLIGHTS 

5. EVA TECHNOLOGY NEEDS A MORE VIGOROUS $ INFUSION TO ASSURE 
AVAILABILITY, VERIFICATION, AND MULTI-USER NEEDS/DATES 

- OPPORTUNITY FOR NASA & DoD MUTUAL INVESTMENT BENEFIT 


mmmmm 
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Theme 8 of 8 HUMANS IN SPACE 

8.2 Human Performance 
Crew and Environmental Factors 

Dr. Barbara G. Kankl 

NASA Ames Research Center, Crew Research & Spac e Human Factors 

INTRODUCTION/BACKGROUND 

GOALS 


Theme 8 of 8 


• 'To develop empirically-based scientific principles that 
identify the environmental, individual, group, and 
organizational requirements for long-term occupancy of 
space by humans." 

— Report of the National Research Council 
Committee on Space Biology and Medicine 
("The Goldberg Report"), p. 169 

To develop useful and practical approaches to selecting, 
training, and organizing effective crews for long 
duration space missions in collaboration with 
operational organizations. 

To provide a scientific resource to organizations 
responsible for man-systems design, crew selection 
and training and missions operations. 


TECHNOLOGY NEEDS 

i 

Critical shortage of relevant research. 
No operational guidelines for spaceflight 
or long-term space occupancy. 


PROBLEM AREAS 

1. Individual and Physiological 

2. Crew and Interpersonal 

3. Organization and Management 

4. Training and Intervention 

5. Environmental and Task 





TECHNOLOGY NEEDS 

Research for Optimizing Human Performance 


INPUT FACTORS 

Individual-level 

Factors 


PROCESS 

—C\ 


PERFORMANCE 

OUTCOMES 


mm m 





u 

Factors 

■ 

m 


Factors 

f.M FI TOCHfiu E 





Group 


IN-SPACE EXPERIMENTATION NEEDS/VOIDS 
Multi-ohase Research Plan 


• Laboratory/Mockup Research 

• Field Observation 

• Systematic Field Research 

• Partial Analog Research 

• Full-Scale Analog Research 


= M Wt-A il fclilOMg 


Space Vehicle Analog 
Space Station Analog 
Planetary Exploration Analog 
Astronaut/Mission Control 
Telescience Analog 
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8.2 Human Performance 

Crew and Environmental Factors 
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HUMANS IN SPACE 

8.2 Human Performance 

Theme 8 of 8 


Artificial Gravity 



Larry G.Lemke 

NASA Ames Research Center 



INTRODUCTION/BACKGROUND 

• ..."THERE APPEARS TO BE A GENERAL PERCEPTION THAT THE ABSENCE OF 
LIFE-THREATENING MEDICAL PROBLEMS IN THE MANNED SPACE PROGRAM IMPLIES 
THAT THERE IS LITTLE NEED TO BE CONCERNED ABOUT HEALTH-RELATED ISSUES ON 
A MANNED SPACE STATION OR IN INTERPLANETARY MISSIONS OF SEVERAL YEARS 
DURATION. BASED ON WHAT WE KNOW TODAY, THIS ASSUMPTION OF CONTINUED 
SUCCESS CANNOT BE RIGOROUSL Y DEFENDED . 

-NATIONAL RESEARCH COUNCIL, COMMITTEE ON SPACE BIOLOGY & MEDICINE, 1987- 

• "LONG-DURATION HUMAN HABITATION OF THE MOON AND MARS WILL REQUIRE PRIOR 
LONG-TERM STUDIES OF THE EFFECTS OF EXPOSURE TO 1/6 AND 1/3 G ON ANIMALS 
AND, EVENTUALLY HUMANS, INCLUDING STUDIES OF MULTIGENERATIONAL EXPOSURE 
TO VARIED G LEVELS" 

•RECOMMENDATION: 

A TETHERED (> IO METER DIAMETER) VARIABLE GRAVITY RESEARCH FACILITY FOR THE 

SPACE STATION THAT WOULD GREATLY REDUCE CORIOLIS/GRADIENT PROBLEMS ACROSS 

LARGE ANIMALS AND THAT WOULD BE OPERATIONAL BEFORE THE START OF ANY HUMAN 

SPACE MISSIONS OF EXTENDED DURATION" 

-ROBBINS COMMITTEE REPORT, 1988- 


MISSION APPLICATIONS 


PROBABLE: 

• HUMAN MARS EXPLORATION SCENARIOS 
POSSIBLE: 

• LUNAR BASES 

• ADVANCED SPACE STATIONS 

• HUMAN ASTEROID RECONNAISANCE 




I 
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Theme 8 of 8 HUMANS IN SPACE Theme 8 of 8 

8.2 Human Performance 

Artificial Gravity 

LanyG.Lemke 

NASA Ames Research Center 


SUMMARY/RECOMMENDATIONS 


• HUMAN EXPLORATION MISSIONS MAY REQUIRE ARTIFICIAL GRAVITY 

• VERY LARGE RADIUS (~ 225 m) CENTRIFUGE SEEMS MOST CONSERVATIVE FROM 
BIOLOGICAL PERSPECTIVE. MOST CHALLENGING FROM TECHNOLOGICAL 
PERSPECTIVE 

• CONTROL OF LARGE, HIGHLY FLEXIBLE, ROTATING SYSTEMS MUST BE SHOWN 
SAFE AND RELIABLE PRIOR TO HUMAN-RATING 

• EXPERIMENT OBJECTIVES CAN BE ACHIEVED WITH SUB SCALE, FREE-FLYING 
DUMBBELL CONFIGURATION: 

• INITIATE FLIGHT EXPERIMENT DEFINITION AND DEVELOPMENT SOON TO BE 
CONSISTENT WITH OVERALL AGENCY SCHEDULE 

• LABORATORY RESEARCH, SIMULATION, & ANALYSIS 

• CONCEPTUAL DEVELOPMENT OF FLIGHT HARDWARE 
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MISSION APPLICATIONS 


• Multi-way, interpersonal communication with voice, text and images 

• High - dexterity manipulation 

• Monitoring of intelligent monitoring systems 

• Skill maintenance and training 

• Data Interpretation and analysis 

• information retrieval, storage and management tasks 

• Intervention in and redirection of experiments 

• Participation In revising old and devising new experiments 


• Equipment repair 
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Human Performance 



William R. Ferrell 

University of Arizona, Systems & Industrial Engineering Dept. 


SUMMARY / RECOMMENDATIONS 

ROLES: Science, Monitoring, Diagnosis, Intervention, Repair 


NEED KNOWLEDGE-BASED TECHNOLOGIES to support: 

• Creative Problem Solving 

• Unforseen Activities 

• Intervention and Repair 

• Cooperative Planning & Decision 

SUBSTANTIAL SUPPORT FOR GROUND - BASED RESEARCH IS 
NEEDED TO DEVELOP THESE TECHNOLOGIES 

IN - SPACE EXPERIMENTATION: 

• Physiological / Perceptual / Anthropometric 
modeling 

• [ Habitat & EVA experiments ] (related sub - themes) 

• [ TELEOPERATION experiments] 

• Multi - operator, cooperative workstations 

• Task / Interface simulations for testing interactions 
in context and for timely design feedback 

NEED FOR AN IN-SPACE FACILITY TO SUPPORT DESIGN 

CRITICAL ISSUES: 


• Intelligent , dynamic interface management systems 

• System integration - a technical not a 
management-problem 
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INSTEP88 Workshop 
OAST Technology For the Future 
Part 2: Critical Technologies 


HUMANS IN SPACE 

8.3 Closed-Loop Life Support Systems 

Physical/Chemical Closed Loop Life Support 


R.D. Mac Elroy 

NASA Ames Research Center 


Theme 8 of 8 


Background. . . 


Closed-loop Life Support Focuses: 


• Post-Space Station Life Support issues 

• Efficient regeneration of life support materials 

• Further development of existing technologies 

• Promotion of innovative technologies 

• Evaluation of new technologies 




Technology Needs 

Life Support Functions / Technologies: 

• Collection of CO 2 ; adsorber regeneration 

• Separation of gases 

• Generation of O 2 from H 2 O, CO 2 

. Management and processing waste streams 

• Purification of reclaimable water 

• Process, sub-system and system sensing, 

monitoring and control 

• Thermal control 
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SYSTEMS TESTS LESSONS LEARNED/ISSUES 

• MATERIALS SELECTION/COMPATIBILITY 

• CAREFUL DESIGN OF SYSTEM CLOSURE 

• INTEGRATION OF SUBSYSTEMS 

• ON-BOARD MAINTENANCE AND SERVICING 


TECHNOLOGY NEEDS 

LIFE SUPPORT FUNCTIONS 



LIFE SUPPORT TECHNOLOGY SELECTION DRIVERS 


• OPERATING ENVIRONMENT 

• Gravity fields 

• Ambient pressures 

• RELIABILITY/MAINTAINABILITY 

• SAFETY 

• POWER. MASS. VOLUME 

• DEVELOPMENT COST AND SCHEDULE 

• RESTRICTIONS ON RESUPPLY. EXPENDABLES. DISCHARGES 
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• Plant Growth • Incremental Introduction of plants 

on Space Station program 

FOOD • Conversion • Glycerol St protein extraction 

PROCESSING • Biological conversion processes 

WASTE • Bioregeneration • Biodigestion in 0 g 

PROCESSING • Gas/liquid/solid separation 


AUTOMATION • Instrumentation • Gravity independent sensor dev. 

Sc CONTROL Design • Struct dsn (minimize dead spaces) 
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8.3 Closed-Loop Life Support Systems 

Physical/Chemical Closed-Loop Life Support 
Marvin W. Luttges / Louis Stodleck 

University of Colorado, Aerospace Engineering Sciences and Bioserve Space Technologies 


IN-SPACE EXPERIMENTATION NEEDS 


SURFACE NEEDS 

* On-site Resource Uses/Tests 

* Long-Term Autonomy and Reliability 

* Transport and Deployment Tests 

* Product Storage, Distribution and Use 

* Power 
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Theme 8 of 8 

HUMANS IN SPACE 

8.3 Closed-Loop Life Support Systems 

Humans in Space Critical Technology Requirements 
Remus Bretoi 

NASA Ames Research Center 

Theme 8 of 8 


EVA / SUIT 


o DEVELOP THE TECHNOLOGY FOR MEASUREMENT OF 
EVA FORCES, MOMENTS, DYNAMICS, PHYSIOLOGICAL 
WORKLOAD, THERMAL LOADS AND MUSCULAR FATIGUE. 


o EVALUATE COOPERATIVE ROLES BETWEEN EVA AND 
TELEROBOTS AND FOR IVA AND ROBOTICS. 


o SUIT CONTAMINANTS DETECTION, IDENTIFICATION 
AND REMOVAL 


HUMAN PERFORMANCE 


O TECHNOLOGY FOR MEASUREMENT OF GRAVITY-RELATED 
ADAPTATION AND RE-ADAPTATION BEHAVIOR 


o TECHNOLOGY FOR IN-SPACE ANTHROPOMETRIC AND 
PERFORMANCE MEASUREMENT 


o VARIABLE - GRAVITY FACILITY AND APPLICATION 
TECHNOLOGY 
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1 Theme 8 of 8 

HUMANS IN SPACE 

Theme 8 of 8 1 


8.3 Closed-Loop Life Support Systems 


Humans in Space Critical Technology Requirements 
Remus Bretoi 

NASA Ames Research Center 


CLOSED LOOP LIFE SUPPORT SYSTEMS 


o IMPROVED PHASE SEPARATION SYSTEMS 
o GRAVITY-INDEPENDENT SENSOR SYSTEMS 
o WASTE-CONVERSION PROCESSES 
o FLUID MIXING AND COMPOSITION CONTROL 
o REACTOR PHENOMENA 
o CHEMICAL SPECIES SEPARATION 


OTHERS TO CONSIDER - POSSIBLY 
BY OTHER THEMES 

o FIRE AND SMOKE DETECTION SYSTEM 

o ZERO-G PHASE CHANGE PHENOMENA FOR EVA 
THERMAL MANAGEMENT 

o FOAMING COUNTERMEASURES 
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